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Abstract 
Eleocharis sphacelata, distributed over Australia, Papa New Guinea and 
predominantly in the north of the North Island New Zealand, occupies the littoral 
margins of fresh water wetlands and lakes. To assist Eleocharis sphacelata 
revegetation efforts, research recorded traditional ecological knowledge held by 
users, determined best methodologies for germination of seed, and established 
techniques for improved transfer of juvenile plantlets.  
Interviews with cultural knowledge holders revealed a declining but persistent 
oral repository in tikanga (customs) and practices despite diminishing plant 
availability. Eleocharis sphacelata has traditionally and contemporarily been used 
as a fibre for weaving into mats, with its spongy pith providing increased warmth 
and comfort. Group harvesting, with some cutting and others sorting and binding 
is the first step in a short preparation sequence, with the drying of the stems (for 
most this is in the shade) the only other preparation needed before weaving 
commences. Cultural genealogical descriptions provide a clear portrait of the 
ecological position Eleocharis sphacelata sits within its natural habitat and 
presents a phylogeny or schemata comparable to biological science. Published 
information identifies cultural uses and practices for the fibre of this wetland 
sedge.  
Fresh and stored seeds were subjected to five treatments at three water levels to 
determine the best methodology for increased germination rates. Findings 
illustrate how a scarification pre-treatment and water depth increases up to 15 cm 
enhances germination rates of Eleocharis sphacelata. Overnight bleaching of seed 
harvested one month earlier (January 2008) then sown under damp conditions 
provided increased germination until April. Fresh bleached seed sown under 5 cm 
and 15 cm of water produced significant increases in germination from 
September. Seasonal timing and variation in water depth as germination triggers 
indicate dual germination strategies employed by Eleocharis sphacelata. 
In November 2007 seed grown seedlings and vegetative propagules were planted 
in situ under three water depths to establish which plantlet type would provide 
increased juvenile survival when used in revegetation projects. Findings 
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determined that seed grown seedlings planted under 15 cm of water had the 
highest survival and produced a greater number of culms per plantlet, however 
vegetative propagules were better able to survive in damp conditions. Flowering 
occurred in over 25% of remaining vegetative and seed grown seedlings by the 
following October indicating the potential for new transfers to be reproducing 
within one season.  
Further collaborating between Māori and western science would augment and 
enhance understanding of transferable environmental methodologies. Possible 
dual germination strategies by the seed were revealed and further research would 
determine if this replicates the reproductive and growth capabilities of Eleocharis 
sphacelata and other wetland sedges in their natural environment. Additional seed 
quality and technological research would increase potential for seed performance. 
Determining genetic variety within local, regional and national Eleocharis 
sphacelata swards would establish bounds of local provenance.  
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Chapter 1 
INTRODUCTION 
This ecological research focuses on the indigenous freshwater wetland sedge 
Eleocharis sphacelata (R.Br) Prodr. 1810 (244), its associated mātauranga Māori 
(Māori knowledge), its germination potential and growth habits. E. sphacelata, 
also commonly known as kuta, paopao and giant spike rush, is a culturally 
significant wetland species of special value to Māori weavers. Phormium tenax is 
more commonly used as a weaving fibre by Māori (Wehi 2006), but the golden 
colour and soft, warm texture of the once dried E. sphacelata make it highly 
prized. Research into the ecophysiology, autecology and ethnobotany of E. 
sphacelata is considered timely due to the growing interest in the use and 
commercialisation of this wetland sedge for restoration of existing and new 
communities.  
Recent colonisation of New Zealand and major landscape transformation has left a 
fragmented series of indigenous ecosystems including wetlands, forests, coastal 
dunelands and scrublands. Currently the challenge is to ensure what remain forms 
the basis for conservation and sustainable use as areas come under ever increasing 
human induced pressures from development, pest species introductions and 
landscape modification. While conservation endeavours of recent times have 
moved from a single species focus to whole ecosystems (Spellerberg & Given 
2004) the need for individual species studies remains, ensuring augmented 
understanding of performance and behaviour within their ecological setting. 
Studies of individual species in situ can provide specific data, extending 
knowledge beyond the controlled confines of the laboratory and link precise 
ecological relationships between plant and environment (Beyschlag & Ryel 2007). 
Indeed Beyschlag & Ryel (2007) believe that a more complete view of 
environments can be evaluated by careful observations of individual species when 
interdisciplinary approaches by reciprocal scientific teams are employed.  
Social, ecological and economic pressures, reflected in changing habitat ecology, 
reduced conservation areas, pest species introductions and increased ecological 
impacts place major constraints on once plentiful traditional harvesting sites 
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(Moller et al. 2004). Using social science practices to provide additional data 
without empirical testing of hypotheses and multiple controls is being increasingly 
used in conservation biology (Drew & Henne 2006; Huntington 2000). Together 
with more conventional approaches to research and data collection (such as seed 
germination and growth trials, sometimes referred to as western science) 
collaborative research increases the ability for the broadening of expertise and 
cultural perspectives. Moller et al. (2004) believe that by providing collaborative 
partnerships, science can determine cause-effect relationships using biophysical 
mechanisms while those with traditional ecological knowledge can offer alternate 
interpretations of events or environmental changes by way of metaphorical 
expressions and anecdotal analysis.  
Successful regeneration of existing wetland ecosystems is determined by the 
probability of new plants developing from either vegetative propagules, 
germination of seed from existing adults, or germination from seeds stored in the 
seed bank. In fact, the success or failure of long term establishment of a plant 
population relies on either one or a combination of these reproductive strategies. 
To develop a restoration project that ensures high success rates, ecologists must 
take into consideration the reproductive strategies of existing or new populations.  
Beyschlag & Ryel (2007) believe plant ecology research would not be complete 
without the precise information gathered by interactive single species studies, and 
feel the use of specific studies in situ consequently provides information for 
landowners, ecological consultants, wetland creation specialists and restoration 
professionals, enabling development and implementation strategies towards best 
practice methodologies. Hobbs & Harris (2001) identify success of restoration 
projects by the measurement of specific goals, integrating science, practice and 
policy. This thesis leads logically therefore into specific methods to achieve the 
defined goal of successful E. sphacelata population enhancement.  
1.1 Background to this research 
My personal interest in wetlands resulted from two enlightening experiences. 
While studying for my undergraduate degree (Bachelor of Environmental Studies) 
at Te Whare Wānanga o Awanuiārangi I was introduced to wetlands and their 
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cultural significance. During a similar period at Environment Bay of Plenty my 
interest in wetlands increased whilst I collated data for their freshwater wetlands 
database. Further studies for a masters degree provided an opportunity to work 
alongside Manaaki Whenua - Landcare Research and Waikato University on a 
project that incorporated these two perspectives, while pursuing my own interest 
in native flora. Consultation with Sue Scheele (Manaaki Whenua - Landcare 
Research) and Tina Wirihana (Te Whare Wānanga o Awanuiārangi) revealed that 
while more common weaving fibres (e.g. Phormium tenax and Desmoschoenus 
spiralis) had been the subject of considerable research, E. sphacelata had little 
documented information other than its survival attributes under increasing water 
depth. Further reading and discussion cemented the view that research specifically 
focussing on E. sphacelata was long over due. 
1.2 Thesis objectives and outline 
A comprehensive literature review is presented in chapter 2. This chapter (co-
authored by Bruce Clarkson) has been submitted to the New Zealand Journal of 
Botany under the title „A scientific, historic and Māori knowledge review of 
Eleocharis sphacelata (R. Br) (Cyperaceae), kuta, paopao, bamboo spike sedge‟. 
The paper has been accepted subject to minor revision and is scheduled for 
inclusion in the March issue (Vol.47, No.1).  
The combined use of Traditional Ecological Knowledge (TEK) and conventional 
science is suggested by some to increase the ability for scientific research and 
management to succeed, increase understanding of the world and each cultures 
perception of it, while keeping ethically and politically in tune with social 
perception (Huntington 2000). It has however been difficult to prevent the 
compartmentalisation of TEK into an easily and ordered sequence of facts within 
this thesis and it is neither the intention nor goal of this research in anyway to, as 
Nadasdy (1999) apprehensively puts it, „distil the beliefs, experiences and values 
of Māori‟ with regards to its cultural harvest and use of kuta (E. sphacelata). 
Chapter 3 of this thesis includes a detailed interpretation of TEK and how analysis 
of indigenous knowledge provides insight into possibly otherwise unexplored 
scientific evidence. Additionally chapter 3 focuses on the traditional utilisation 
and importance of E. sphacelata, binding together oral TEK held by Māori 
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(collated from semi-directive interviews), translated manuscripts, genealogies and 
poetry. 
The germination triggers of E. sphacelata are investigated, as conventional 
methods of germination have not always provided optimum results. Information 
resulting in increased germination success of E. sphacelata and subsequent 
increased availability of juvenile plants, would benefit restoration and 
enhancement projects and will ultimately advance the profile of this sedge 
species. Chapter 4 specifically endeavours to define determining factors that 
enhance the percentage of germinating E. sphacelata seed using a combination of 
conventional and novel germination triggers and to determine if the seed-bank is a 
viable possibility for augmenting existing populations. 
While it has been normal practice for some restoration professionals to use 
existing E. sphacelata populations to collect vegetative propagules for immediate 
use in projects due to the unavailability of seed grown seedlings, there is the risk 
for a severely reduced genetic variability and inbreeding depression resulting in a 
reduced genetic variation within the new population. Reduced genetic variability 
can increase the potential for population establishment failure, reduce fecundity, 
reduce pathogen and disease resistance (Amos & Balmford 2001) and introduce 
foreign genotypes (Lesica & Allendorf 1999). To establish a successful 
reproducing population a species needs to have sufficient levels of genetic 
variation to adapt to changing environmental situations. However, as conventional 
methods of plant introductions of E. sphacelata have included vegetative 
propagule transfer, chapter 5 compares and contrasts the growth and establishment 
of seed grown juveniles and vegetative propagules in situ.  
Chapter 6 examines the research outlined in chapters 2-5 in relation to the 
ethnobotany, germination and growth of E. sphacelata and the possible 
implications to creation, restoration and enhancement approaches. Concluding 
remarks additionally make suggestions for future study.  
Throughout this thesis words from the Māori language have been integrated into 
the text with a translation immediately after its first inclusion. In addition there is 
a glossary provided at the end of the thesis with translations and meanings. 
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Further meanings and translations may be obtained from sources such as Williams 
(1992) if so desired.  
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Chapter 2 
BIOLOGICAL FLORA OF NEW ZEALAND 11. 
ELEOCHARIS SPHACELATA, KUTA, PAOPAO, 
BAMBOO SPIKE SEDGE  
Mieke M. Kapa 
Bruce D. Clarkson 
 
Department of Biological Sciences 
University of Waikato 
Private Bag 3105 
Hamilton 3240, New Zealand 
Abstract Information relevant to the ecology and morphology of Eleocharis 
sphacelata (Cyperaceae) available through published and unpublished sources is 
assembled and reviewed. Eleocharis sphacelata is a freshwater wetland sedge 
found growing at the edge of lake margins, swamps, lagoons, and bogs within 
New Zealand, Australia, and Papua New Guinea. It is a perennial rhizomatous 
herb, with tall green cylindrical culms rising from submerged rhizomes generally 
buried under water in aerobic soils. A tendency to dominate the deepwater 
margins makes Eleocharis sphacelata crucial to the ecology of this habitat as a 
source of food, shelter, and protection for invertebrates, birds, and fish. Eleocharis 
sphacelata is commonly named giant spike-rush, kuta, or paopao. Māori have 
traditionally used the plant for clothing and warm coverings within whare 
(houses). Recent interest comes from its use in restoration plantings and 
constructed wetlands. 
Keywords cultural; Eleocharis; indigenous; Māori; New Zealand; rush; sedge; 
spike-rush; weaving; wetland 
2.1 Introduction 
Eleocharis sphacelata (R.Br) Prodr. 1810 (244) is a native New Zealand 
freshwater wetland sedge that has long been recognised and highly valued by 
Māori in some rohe (tribal areas) for its soft fibre and thermal qualities. Used 
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independently or in conjunction with a diverse range of other plant species such as 
Phormium tenax (harakeke), Typha orientalis (raupo), and Cortaderia spp. 
(toetoe), this sedge is woven in items such as clothing and mats. The importance 
of E. sphacelata to wetlands and their community structure has been increasingly 
recognised in published literature over the last 20 years, with recent studies 
focusing on gas transport systems, documenting its ability to survive anoxic 
conditions in a habitat not populated by any other native New Zealand plant 
species.  
A review of available data is considered timely due to the growing interest in the 
use and commercialisation of E. sphacelata for restoration of existing and new 
wetland communities and constructed wastewater treatment systems. Earlier 
research on the morphological description, biology and ecology, cytology, 
nomenclature, and utility of E. sphacelata, together with more recent publications, 
and information collated from an interview with a weaver from Te Arawa (Bay of 
Plenty, New Zealand), has been assembled. 
2.2 Morphological Description  
Eleocharis sphacelata is a monocotyledon of the Cyperaceae family. Members of 
the genus Eleocharis are annual or perennial leafless herbs, stout or slender, and 
often rhizomatous. The culms are produced in tufts or in a linear series, each culm 
bearing one or more leaf-sheaths and a cluster of roots at its base. Eleocharis have 
a solitary inflorescence that is terminally erect (Fig. 1). Glumes are usually 
spirally imbricate, with the lowermost 1–2 often sterile and different in shape 
from the rest. Flowers are hermaphrodite, with the nut obovoid to orbicular and 
biconvex to triquetrous. The perianth has between none and 10 hypogynous 
bristles. Stamens are 1-3 (Moore & Edgar 1970).  
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Plate 2. 1 The terminal, solitary inflorescence of E. sphacelata 
The bright green culms (1–1.5 cm dia.) of E. sphacelata extend vertically up to 
4.5 m from the covered rhizome. The culms each have internal transverse septa 
externally distinct at intervals of 1–10 cm, divided by septa not visible to the 
exterior (Moore & Edgar 1970). Grey, papery sheaths with an oblique orifice form 
at the base of the culm. As the photosynthetic culms are soft and spongy with little 
lignification, they are easily damaged by the weather, waterfowl, and by human 
disturbance. Culms warp, bend, and collapse if the water table falls below soil 
surface, although the underground rhizome can become quiescent, producing new 
shoots when re-flooded (Sorrell & Tanner 1999). 
2.2.1 Culm ecophysiology 
Eleocharis sphacelata displays significant ecophysiological differences when in 
shallow water, causing the production of fine wiry culms and an increase in culm 
density (Sorrell et al. 2001). Asaeda et al. (2006) believe that due to the reduced 
buoyancy support in situations where water is at a minimum, the plant transfers its 
biomass allocation to the rhizomes below ground. Modelling by Asaeda et al. 
(2006) showed that the ratio of aboveground biomass- to belowground biomass of 
E. sphacelata plants increased as water depth increased. Sorrell & Tanner (2000) 
noted the considerable morphological and anatomical differences displayed by the 
plants in deep water (2.15 - 2.65 m), with plants having greater rhizome diameter 
and internode length, a decrease in the diameter of the spongy pith, a larger root 
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diameter, and a greater diameter of the culms and pith cavities, implicating 
possible responses to bending stresses applied in deeper waters, rather than O2 
stresses.  
Asaeda et al. (2006) discovered shoots of deepwater populations grew year round, 
contrary to those shoots growing in shallower waters that died off with a reduction 
of water levels and no re-growth afterwards. Owing to the lack of woody shoots 
and limited lignification, E. sphacelata is able to rapidly decompose and „re-
grow‟. The starchy rhizome is able to metabolise quickly for new shoot growth 
that sprouts from the buried (and thus protected) rhizome base (Sorrell & Tanner 
1999). At the basal growth points there are large numbers of compressed shoot 
sections that can expand quickly to either extend the length of a culm or produce 
new shoots (5 cm in < 12 h), highly advantageous in times of fluctuating water 
levels where some part of the shoot needs to be exposed out of the water for 
photosynthesis and gas absorption (Sorrell & Tanner 1999). 
2.2.2 Reproductive biology 
Flowering occurs in New Zealand during the months of November-December and 
fruiting during January-February (Moore & Edgar 1970). Fertile and infertile 
culms are differentiated by the presence (or not) of the apical seed head. The 
single 2-5 cm cylindrical spikelet has an acute tip and slightly wider than the 
culm, producing small biconvex nut-like seeds. The lowermost glume is sterile, 
enclosing the base of the spikelet. The seed fruits (nuts) of E. sphacelata are 
encased in a hard fruit coat that has hypogynous bristles, usually longer than the 
nut, and barbs with retrorse teeth. The 2-2.5 mm dark brown nut is orbicular, 
biconvex, with a surface covering of hexagonal reticulations, and has a swollen 
style base (Moore & Edgar 1970).  
An Australian study of four co-existing Eleocharis species showed that E. 
sphacelata produced more seeds per fertile culm than E. pusilla, E. dietrichiana, 
and E. acuta, and had on average 75.3 seeds per inflorescence (Bell 2000). These 
were able to float for up to 9 days due to the bracts that form air pockets, 
implicating the possible dispersal patterns of seed by hydrochory. Experimental 
feeding of four species of Eleocharis seed to khaki campbell ducks revealed that 
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49-92% of the expelled E. sphacelata seeds were germinable (thus viable), 
indicating that bird dispersal, rather than seeds falling to the ground, is an 
important mechanism for colonisation of new sites (Bell 2000). Bell & Clarke 
(2004) found that the viability of buried seed in the seed-bank was consistently 
high, and the four Eleocharis species studied had very low decay rates and half 
lives of 50-100 years. Larger seeds of E. sphacelata, as argued by Bell (2000), 
have more reserves to tie germination over into periods of less stress. Experiments 
undertaken by Bell (2000) showed that germination rates increased after 12 
months in a glasshouse where temperature variations were minimal. Eleocharis 
sphacelata seed have few germination requirements other than temperature, but 
germination events in situ are rare (Bell 2000).  
2.2.3 Pollen  
The pollen of E. sphacelata are broadly pear or rectangular shaped. Apertures are 
large and rectangular, the exine is approximately 1 µm thick and tectate, its 
surface is minutely spinulose. Grain sizes are large and varied: 51(59)66 µm x 
35(41)46 µm (Moar & Wilmshurst 2003). 
2.2.4 Rhizomes and roots 
Clonal development is the most common mechanism for spreading wetland 
vegetation (Frankland et al. 1987). The robust, woody, rhizomes (5–6 cm dia.) of 
E. sphacelata contain the bulk of the biomass and are anchored by red-brown 
roots (2 mm dia.). These clonal plants have phalanx growth tendencies (ramets 
interspersed with short rhizome internodes) that form dense overlapping, 
monospecific bands of rhizomes with a slow radial spread (Bell 2000). 
2.2.5 Rhizosphere interactions 
Eleocharis sphacelata tolerates deepwater situations, where there is neither 
photosynthesis occurring nor any oxygen available to aid growth. H
+
 exchange 
between the root systems and the rhizosphere of emergent hydrophytes has been 
determined by Sorrell & Orr (1993) as an important ecologically significant 
consequence, increasing the mobility of the inorganic nutrients (e.g., metal ions, 
phosphates), and enhancing nutrient mineralisation and assimilation into the 
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plants. Sorrell & Orr (1993) established that very high rates of localised H
+ 
exchange at the lateral and tips of the main roots of emergent aquatic monocots 
can produce steep pH gradients near root surfaces. Equally, oxygen leaked from 
rhizomes, as a result of gas transportation, dissipates into the surrounding 
rhizosphere (Sorrell 1994), enhancing microbiological activity in the soil. This 
provides an environment for micro-organisms, while the asphyxiating gases 
produced in the sediment can be released via the efflux culms (Brix et al. 1992), 
an essential process for growth in deep water.  
2.2.6 Gas transportation  
The transport of O2 to roots and rhizomes in increasing water depths will limit 
growth of most plant species, but those that live in deepwater have the 
competitive advantage of developed internal gas flow systems linking the 
atmosphere, plants and sediments and ventilating the (O2 dependent) underground 
tissues of roots and rhizomes buried in anaerobic conditions (Brix et al. 1992). 
Humidity-induced pressurisation and thermal transpiration, working 
simultaneously and independently, are common mechanisms for emergent 
macrophytes for diffusion and convection processes. The combined use of this 
internal pressurisation and convective gas flow enables E. sphacelata to dominate 
its niche habitat (Brix et al. 1992; Sorrell et al. 1997).  
The regularly interspersed septa (both simple and complex multi-perforated 
diaphragms), made from a single or several parenchymatous layers, allow the gas 
to flow continuously through the intercellular airspaces (Brix et al. 1992; Sorrell 
et al. 1997). Diffusive gases enter the internal pith cavity via the stomata in the 
culm tissue and through the porous layers of palisade mesophyll and parenchyma 
(Sorrell et al. 1997). Pressure is generated through variations in temperature and 
water vapour between interconnected air spaces and the surrounding atmosphere 
transporting the oxygen gases from entire green shoots (influx culms) down the 
pith cavity to the roots and expelled back into the atmosphere passing through 
dead or damaged shoots (efflux culms) (Brix et al. 1992; Sorrell & Boon 1994) 
(Fig. 2). Influx flow was identified by Sorrell & Tanner (2000) as being 
significantly higher than efflux, suggesting that O2 demand and consumption is 
greater than the expellant stale gases. 
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Figure 2. 1 Adapted from (Sorrell & Tanner 1999) showing gases entering the intact culm 
and returned to the atmosphere through the broken culms. 
Thus, the pith cavity is a major route for convective flows, while both the cortex 
and pith cavity are important for diffusion (Sorrell et al. 1997). For E. sphacelata, 
it is convective gas flows rather than diffusion that is important in facilitating the 
methane transport from the aerobic sediments to the atmosphere, and the increase 
in methane concentration was higher in the efflux culms (Sorrell & Boon 1994). 
Methane fluxes varied daily and seasonally (Sorrell & Boon 1994), with the 
lowest in winter and highest in summer-autumn. 
Gas transport system adaptations enable E. sphacelata to live in deepwater and 
ventilate tissues in the rhizomes and roots up to 5 m away from its atmospheric O2 
source (Sorrell et al. 1997). Sorrell et al. (1997) add that there are further 
adaptations E. sphacelata has developed that enable deepwater aeration such as: 
(1) there are no tortuous diaphragm pathways; (2) no woody tissue, and stellate 
parenchyma in the culms; and (3) there is a resistance to water infiltration into the 
tissues due to lacunar wall sculpturings and hydrophobic linings.  
2.3 Cytology 
de Lange et al. (2004) report a chromosome number of 2n = 100. 
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2.4 Biology and Ecology 
2.4.1 Distribution 
The Eleocharis genus is spread worldwide with c. 200 species (Moore & Edgar 
1970; Johnson & Brooke 1989). There are four species native to New Zealand (E. 
sphacelata, E. pusilla, E. gracilis, E. acuta) and one endemic (E. neozelandica) 
all of which are found in wetlands (Moore & Edgar 1970).  
Eleocharis sphacelata is widely distributed in the North Island of New Zealand 
(typically at altitudes < 800 m), although less common below a latitude 39ºS. In 
addition, Moore & Edgar (1970) detail that E. sphacelata grows in the South 
Island in Marlborough, Nelson, Westland, Southland near Invercargill, and very 
rarely in Canterbury. Te Papa Museum Herbarium (WELT) holds specimens of E. 
sphacelata from Stewart and Great Barrier Islands. Internationally, E. sphacelata 
occurs in Australia and Papua New Guinea. Eleocharis sphacelata is generally 
restricted to water depths of >0.2 m - ~3 m (Sorrell et al. 2002) though is able to 
live in fluctuating ephemeral conditions, reacting quickly to seasonal patterns of 
water inundation (Sorrell & Tanner 1999). 
2.4.2 Habitat 
Eleocharis sphacelata typically grows from the water‟s edge encroaching into 
swampy, sheltered lake margins or in pools of bogs, lagoons, ponds, and swamps 
(Fig. 3) (Johnson & Brooke 1989). This tall, wetland plant with culms emerging 
from its rhizome and protruding a metre or more out of water, is largely the sole 
niche occupant of this habitat type in New Zealand, dominated in other countries 
by water lilies (Sorrell & Tanner 1999). Bell (2000) considers that E. sphacelata 
is restricted to deep water by a combination of lack of reproductive success and 
herbivory. In addition to the ability for survival under significant O2 and hypoxia 
stress, deepwater plants need to be tolerant of continued wave action, and have the 
facility for seedlings to grow under water (Sorrell et al. 2002).  
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Plate 2. 2 Eleocharis sphacelata can dominate lake-edge wetland habitats in waters up to 3 m. 
2.4.3 Faunal associations and predation 
An E. sphacelata sward can form such a dense band of vegetation that it is often 
an important feature of a wetland area and aquatic ecosystem. The importance of 
E. sphacelata to enrich habitat diversity has not been significantly studied nor 
documented, but Sorrell & Tanner (1999) consider that E. sphacelata contributes 
considerably to the structure of freshwater food webs. As part of the primary 
productivity of lake margins, E. sphacelata culms provide surfaces for algae 
colonisation and food for herbivorous aquatic invertebrates. Aquatic insects use 
the culm as an oxygen source, boring holes and tapping into gases in the internal 
spaces, while the community also provides refuge for invertebrates and fish 
(Sorrell & Tanner 1999).  
The often large swards provide cover for waterfowl, who use the E. sphacelata for 
protection, foraging, and nesting (Coffey & Clayton 1988; Sainty et al. 1988). 
Migratory water birds or waterfowl probably disperse E. sphacelata seeds by 
either epizoochory (seeds stuck to feet or feathers), or in the birds digestive tracts 
(endozoochory) (Bell 2000). Bell (2000), when studying the seed-bank densities 
in relation to seed rain of E. sphacelata (NSW, Australia), found that although 
seed rain densities were up to 1000 seeds per m
2
 there were no seeds in the seed-
bank, suggesting seed predation by water fowl or seed movement (water currents 
or drift). Predation of adult E. sphacelata culms (most probably by the Australian 
purple swamphen) were evident in trials undertaken by Bell (2000), who also 
 15 
suggested that any seeds or seedlings in shallower waters or the muddy fringes 
would also fall victim to grazing by waterfowl.  
Livestock find E. sphacelata highly palatable and can impact detrimentally on 
colonies (including trampling of rhizomes) along lake margins leaving remnant 
zones in deeper waters if left grazing in uncontrolled circumstances (Tanner 
1992). If established plants are fenced and livestock excluded, E. sphacelata will 
increase in abundance (Bell 2000).  
2.4.4 Plant associations and communities 
In Australian wetlands E. sphacelata was strongly habitat segregated due to its 
ability to survive in deep waters, with no other Eleocharis spp. occupying the 
same niche habitat (Bell 2000). Although often the only macrophyte in deep water 
(>2 m) wetlands, E. sphacelata was commonly found associated with the free 
floating fern Azolla pinnata in the Bay of Plenty, New Zealand (MMK 2007 
unpubl. data). 
2.4.5 Human disturbances 
A number of human related impacts are detrimental to the health and longevity of 
E. sphacelata. These include drainage, modification to wetlands, sediment 
infilling, wave generation, water pollution, trampling, boat and property access 
from the multiple use of water bodies and land use practise in catchments. Any 
detrimental effect on E. sphacelata swards will limit its collection, access, and 
viability, and integrity as a cultural resource in traditional harvesting sites (T. 
Wirihana pers. comm. 2007). 
2.5 Nomenclature  
The genus Eleocharis was circumscribed by Robert Brown (1810) in the 
Prodromus Flora Novae Hollandiae 224 and monographed by Svenson (1929, 
1939) who grouped the species into 10 series. The Australian and New Zealand 
species were revised by Blake (1939). The botanical name Eleocharis comes from 
the Greek words helos, meaning swamp, and charis, meaning grace, and 
interpreted as “the charm of the swamp” (Taylor et al. 2002). 
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2.5.1 Common English names 
The most commonly used English names for E. sphacelata are giant spike-rush, 
tall spike-rush, and bamboo spike-sedge (Andersen 1926; Beever & Auckland 
Botanical Society 1987; Johnson & Brooke 1989). In addition Andersen (1926) 
names it as great spike-rush. Taxonomically, E. sphacelata is classified as a sedge 
(Cyperaceae) (Moore & Edgar 1970; Johnson & Brooke 1989), but Atkinson 
(1985) defines the growth structure as a reed-forming sedge and therefore names 
the structural class as reedland when vegetation canopy cover of E. sphacelata is 
between 20 and 100%.  
2.5.2 Common Māori names  
There has been some uncertainty among publications on the Māori naming of E. 
sphacelata, with Best (1899) initially identifying kutakuta or paopao as Scirpus 
lacustris (later renamed Schoenoplectus tabernaemontani (Smith 1995)) but later 
acknowledging kutakuta and paopao as the „water plant E. sphacelata‟ in his 1907 
publication (including the additional names: kuwawa, wawa and kuta). While 
Buck (1923) and Mead (1969) describe kutakuta and paopao as Scirpus lacustris, 
Buck (1923) concentrated more on the traditional preparation, weaving, and 
dyeing methods and patterns of articles made from natural resources and he was 
not widely renown as a botanist. To add to the uncertainty, Buck‟s (1923) 
description of Scirpus lacustris can equally describe E. sphacelata although their 
morphology and preferred habitat are to some extent different. 
Andersen (1926) names E. sphacelata as kutakuta, paopao and ngawha, and 
Scirpus lacustris as kapungawha, kopupu, kopupungawha, kuwawa, papao and 
wawa. Three Māori names are recorded in Beever (1987) for E. sphacelata: 
ngāwhā; kutakuta; and paopao. Pendergrast (2003) names paopao as E. sphacelata 
while Puketapu-Hetet (1999) names kuta as Scirpus lacustris and in addition 
Williams (2000) identifies kutakuta, kūkuta, pūwāwā, kūwāwā, and kōpūngāwhā 
as Scirpus lacustris. Recently, Te Rito Maihi (Brown & Ellis 2007) confirmed 
that E. sphacelata is called kuta in Te Tai Tokerau (Northland, New Zealand). 
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More frequently kuta, kutakuta, and paopao are the Māori names used for E. 
sphacelata, with Ngāpuhi generally using kuta (Wehi 2007) and Te Arawa more 
commonly using paopao (T. Wirihana pers. comm. 2007).  
2.6 Māori utility 
2.6.1 Traditional Māori uses 
Today Māori often have difficulty collecting E. sphacelata for a number of 
reasons and a paucity of traditional knowledge remains about this plant. Many 
traditional sites have been modified and drained and no longer comprise wetland 
habitats or areas of E. sphacelata. Other sites are difficult to access because of 
changes in land ownership (e.g., purchase of private lands, raupatu (Crown 
historical confiscations), and the blockage of pathways to public lands (McGowan 
2002)). Many Māori have also migrated away from traditional areas. With the lost 
access to harvesting sites comes the reduced use of traditional methods, and the 
use of natural resources and traditional knowledge in turn becomes weakened. 
Although the need to use E. sphacelata may have reduced, cultural value in the 
use of natural materials such as E. sphacelata as a resource in raranga (weaving) 
is still pertinent for Māori (T. Wirihana pers. comm. 2007). For northland Māori, 
where it is locally abundant, kuta (E. sphacelata) is regarded with high value 
(Wehi 2007). Those of Ngati Pikiao have in the past been renowned for their soft 
and comfortable paopao (E. sphacelata) mats inside whare (homes) (T. Wirihana 
pers. comm. 2007). A strong oral knowledge of traditional harvesting and uses of 
kuta is little supported by published records although the use of kuta and paopao 
in woven pieces was documented in the first instance by Grey (1853), and 
subsequently by Best (1899, 1906, 1907, 1909), Buck (1923, 1924, 1926), Mead 
(1969), Pendergrast (1984, 2003), Pendergrast and Brake (1987), Puketapu-Hetet 
(1999), Te Rito Maihi & Lander (2005), and Brown & Ellis (2007).  
Best (1899), describes the maro kuta as a small single apron drawn between the 
legs and fastened to the belt made from a „species of sedge or coarse swamp grass 
known as kutakuta or paopao‟. Mead (1969) also describes a maro kuta (apron of 
swamp grass) as a small apron worn by girls with the front cover made from 
kutakuta.  
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In addition to describing the maro kuta, Best (1899) describes a pōtae taua 
(mourning-caps or wreaths) worn by widows and near relatives (Best 1906) 
during the period of mourning „made of a kind of large rush found growing on the 
margins of lakes and known as kutakuta, paopao or kuwawa‟. Best (1899) records 
how „the stalks were peeled off the outer covering, leaving the white inner part‟, 
and formed into a wreath then tied at the back of the head. Some of the pōtae taua 
were adorned with black and reddish-yellow dyed materials, birds tails (Best 
1899), and others with dried seaweed (Best 1906), birds heads and bills (Mead 
1969), all woven into the wreath, hanging like a hukahuka (fringe) around the 
head.  
Best (1899) also described tuwhara as coarse mats made of kutakuta that are 
placed on the ground underneath finer mats woven from flax (Phormium tenax) or 
kiekie (Freycinetia baueriana) (Tregear 1904). Buck (1923) wrote that although 
kuta mats did not last long, they were soft and warm and, whilst hidden from view 
by the finer more decorative kiekie mats in the daytime, they were turned over for 
sleeping on at night. 
Pendergrast (1984) documented and photographed two kete made from paopao, 
one from Cape Runaway (Mick Pendergrast collection), and the other Te Arawa 
(Auckland Museum Collection). In addition Pendergrast & Brake (1987) 
documented and photographed hukahuka (tags) on a small cape where much of 
the kaupapa (main surface) is covered with tags made from 13 x 15 mm wide, 
concertinaed kuta (presented to the Auckland Museum Collection, 1929). Kuta is 
very receptive of dye (T. Wirihana pers. comm. 2007) and a maro where the entire 
outer surface is covered in black dye and natural double kuta tags (Auckland 
Museum Collection) was documented by Pendergrast & Brake (1987). Kuta is 
soft and easy to work with, and kete (bags) have been made in contemporary 
times, as documented by Te Rito Maihi & Lander (2005).  
Following interviews with Ngāpuhi elders during 2004, Wehi (2007) concluded 
that kuta was common in the 20
th
 century and possibly for centuries previous and 
is still an important resource today. It is still seen on many Northland marae and 
used for replacing worn and aged tāpou (mats made from kuta), in addition to 
contemporary items such as hats and kete. 
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2.6.2 Harvest and preparation by Māori 
Harvesting sites available to Māori have been reduced by lack of accessibility and 
changes in land and water use. Because of restricted access and reduced plantation 
growth, weavers of contemporary times cherish the resource and regard its use in 
raranga (woven items) as special, treating it as a precious tāonga (treasure) (T. 
Wirihana pers. comm. 2007). Sites were commonly harvested individually or in a 
group of weavers and their whanau (family), and was deemed to be „theirs‟ and 
nurtured as such (T. Wirihana pers. comm. 2007). Harvesting sessions could 
include many members of a family, consequently large amounts could be 
collected at one time. 
Traditionally a respected member of the family or tohunga (specialist) would take 
responsibility for the timing of the harvest, the tikanga and karakia used during 
harvesting, and for preparation procedures (T. Wirihana pers. comm. 2007). To 
ensure the sustainability of their fibre resource, the harvesters do not remove the 
entire plant, leaving the rhizomes intact and undamaged to encourage new growth 
(T. Wirihana pers. comm. 2007). Following environmental practices developed 
over many generations, harvesting sites, when healthy and cared for, carry the 
mana (prestige) and wairua (essence) of the site through into the complete woven 
articles. It is therefore important that areas for collection are continuously 
nurtured (T. Wirihana pers. comm. 2007).  
Puketapu-Hetet (1999) describes the best part of the kuta plant for weaving as the 
section submerged under water. Wirihana (pers. comm. 2007) reiterates this and 
adds that the strength of the culm is underneath the water, in particular the lower 
section. Ngati Pikiao (the hapū (sub-tribe) of T. Wirihana) cut the stems at the butt 
end so that there would be future growth over the coming season from the 
rhizome. Harvest of kuta for Ngāpuhi is undertaken when the water temperature, 
water height, and shoot growth provide the best quality resource (generally during 
January - February), assessed by harvesters as part of visual monitoring and 
informal yearly evaluation of their resource (Wehi 2007). Wirihana (pers. comm. 
2007) on the other hand mentioned her Ngati Pikiao father harvested when the 
plants were considered to be dormant, before there was any sign of new growth 
coming, and were gathered during the rise of Matariki (Pleiades star cluster) from 
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end June to mid August. As the culms were cut with a sharp implement at their 
base, they floated to the surface of the water. 
The culms were handled with care to minimise any creases that would later be 
evident in the finished works (T. Wirihana pers. comm. 2007). Buck (1923) 
mentions the kutakuta plant as being used in the making of tāpou (floor mats). 
Once cut the stems were spread out and covered with old mats to flatten and 
soften for 3 days, inspected frequently, and turned to create an even reddish-
brown colour. After being hung to dry they were then plaited into soft floor mats. 
Wirihana (pers. comm. 2007) also comments that the culms, once taken back to 
the whare, were covered by something that would eliminate all light. The daily 
inspection of the culms enabled the removal of any rotting material, and shoots 
that had dried sufficiently (as noted by the dryness and intense golden colour) 
were removed for immediate use, as no further preparation was needed. 
Alternatively a weaver, as described by Te Rito Maihi (Brown & Ellis 2007), 
hung her kuta in the full sun to bleach so that she could dye it afterwards. The 
harvested and dried culms could vary in colour depending on the time of year 
harvested and the drying process. As long as the material was stored in a dark and 
dry location (e.g., indoors) the fibre was still usable after a few years (T. Wirihana 
pers. comm. 2007).  
Wehi (2007) found that although those that presently collected the kuta plants 
dive deep under the water, it was thought previously there was more kuta 
available at the shallower margins of the lakes.  
2.7 Wetland creation and restoration  
The recent increased popularity of macrophytes in constructed wetlands has 
prompted the study of aquatic plants able to adjust to the ever-changing nutrient 
levels while aiding in nitrogen and pathogen removal. Eleocharis sphacelata is 
commonly used in constructed wetlands to assist with the functioning of surface-
flow treatment (Tanner et al. 2006). The oxygenation of the soil in the rhizosphere 
plays an important role in the enhancement of nitrification and reduction of 
biological and chemical oxygen demand in the effluents in wastewater treatment 
wetlands. Eleocharis sphacelata has the ability to physically alter its morphology 
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in progressively deeper waters, and will re-grow after being harvested, an 
advantage where the accumulation of autogenous litter may have adverse effects 
on the long-term survival of the plant community (Sorrell et al. 2002). Increased 
root structure in deeper waters, coupled with longer culm length, enhances 
nutrient uptake and storage in the shoots (Sorrell et al. 2002). A recently 
constructed wetland at Lake Okaro, where 50% of the 2.3 ha was planted in E. 
sphacelata, once matured, is predicted to remove 40-50% of total nitrogen loading 
from localised surface-flows into the lake (Tanner et al. 2007). 
The easily harvestable culms of E. sphacelata in a constructed wetland ensure that 
there is reduced decomposition, reduced nutrient enrichment in the anaerobic 
conditions, and subsequently controlled eutrophication (Sorrell et al. 2002). A 
controlled water management regime, removal of accumulating litter, and 
harvesting are therefore important to maintain healthy E. sphacelata beds in 
commercial constructed wetland operations (Sorrell et al. 2002).  
The utilisation of E. sphacelata in the restoration and enhancement of natural 
wetland systems and increased knowledge sharing of its importance to Māori 
would further improve sustainable resources for use in raranga (T. Wirihana pers. 
comm. 2007).  
2.8 Conclusions  
Eleocharis sphacelata is a unique deepwater sedge that can tolerate the deepwater 
margins of freshwater wetlands, and prefers a habitat of severe soil anoxia. The 
morphological and ecological characteristics of E. sphacelata reflect adaptations 
to survive and dominate in deep water conditions, such as significant O2 and 
hypoxia stress, and make it a keystone species of these habitats central to food 
webs and primary productivity. For centuries Māori valued these properties and 
held the plant in high regard as a cultural resource, for example, in weaving and 
construction, recognising its thermal qualities and capacity to retain warmth. More 
recently, researchers and practitioners have given attention to E. sphacelata in 
restoration projects, as a cultural resource, and in commercial wastewater 
treatment operations.  
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The knowledge on E. sphacelata to date indicates an ecologically important plant 
in wetlands, a highly valued and treasured plant by Māori, and future study may 
identify additional commercial and ecological services and uses. Future utilisation 
of this species in restoration projects and as a commercial and functional resource 
requires further research such as: ascertaining the most effective way to germinate 
seed, and resolution of the genetic differentiation of these clonal plants. This 
research focus will determine whether local swards are clones or are autonomous 
plants, and assist development of guidelines to maintain genetic diversity and any 
regionally distinct provenances. It is hoped the current knowledge assembled in 
this paper will make an important contribution to the understanding, sustainability 
and future utility of this significant wetland plant. 
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Chapter 3 
TRADITIONAL ECOLOGICAL KNOWLEDGE  
3.1 Introduction 
Researchers studying the ecology of a native plant utilised by indigenous peoples 
can gain valuable information and insights by integrating Traditional Ecological 
Knowledge (TEK) with conventional approaches. This knowledge constitutes a 
subject area in its own right and is additionally known as ethnobotany or 
ethnobiology. Eleocharis sphacelata is a culturally significant wetland plant that 
once harvested and prepared was traditionally woven into items (see for example 
Best 1899; 1906; 1907; 1909; Grey 1853) and reviewed within chapter 2 of this 
thesis. These practises continue today among weavers (see for example Brown & 
Ellis 2007; Te Rito Maihi & Lander 2005). The more common weaving resources 
used by Māori (indigenous people of New Zealand) such as harakeke (Phormium 
tenax) and wharariki (Phormium cookianum) have been subjected to a vast 
amount of research between western scientific and traditional ecological 
knowledge held by Māori. TEK of kiekie (Freycinetia baueriana) and pīngao 
(Desmoschoenus spiralis), also used as fibre resources, has been recorded but to a 
lesser degree. Eleocharis sphacelata (further referred to in this chapter as either 
kuta or paopao) is a weaving resource about which there is little published 
research either from conventional science or Māori perspective (see chapter 2 for 
a review).  
In the past, the western scientific community has been guilty of discounting the 
importance of TEK, forgetting that its own society (therefore its science 
community) has roots in traditional cultures (Given & Harris 1994). 
Ethnobotanical research can provide information giving a greater awareness of the 
nurturing, cultivation and utilisation of plants by people. It includes past and 
present relationships with humans and plants and demonstrates the ecological 
place of plants in the world view (Given & Harris 1994).  
Within indigenous cultures the use of ecological knowledge is based on empirical 
observations, memorised and passed down through many generations. Through 
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this passage of time observations and experiences were assembled, tested and 
adapted. These oral teachings were important for survival, necessitating a reliance 
on the land and sea for food, clothing and shelter (Berkes 1999; Huntington & 
Mymrin 1996). Societies dependent on the natural environment were acutely 
aware that the knowledge concerning their resources was of critical importance 
and therefore „staked their lives‟ on its accuracy and precision (Huntington & 
Mymrin 1996).  
This knowledge base includes, as Parlee and Berkes (2006) express it, the 
interrelationship of social, cultural and ecological knowledge. It is an 
accumulative body of knowledge, practice and belief that through its evolution 
and oral transmission over many generations within the same indigenous group, 
has culminated in the understanding of one‟s natural environment and the 
relationships between nature, the spiritual world and human beings (Berkes 1999). 
TEK involving species specific local knowledge incorporating wider ecological 
relationships and cultural livelihood practices, is inclusive of the spiritual realm 
interlinking both the animate and inanimate (Berkes 1999). Parlee & Berkes 
(2006) further describe TEK as a system of knowledge based on observations 
within a local geography i.e., specific to place, or modified to include relevant 
changes in geography (and therefore climatic conditions) across a larger range. 
TEK can also be a means to culturally transmit information of empirical 
experiences (those based and verified by observation and experiment), 
management practices and worldview perceptions (Berkes et al. 2000). 
Moller et al. (2004) argue that the use of traditional knowledge can be likened to 
adaptive management, „proactively responding to environmental signals‟. For the 
indigenous resource user the ecological knowledge and its management is part of 
their ongoing relationship with the resource and integral to how the resource is 
used (Berkes 1999). Moller et al. (2004) go on to discuss that the retention of 
TEK monitoring methods within an indigenous environment in partnership to 
conventional science is crucial for the accumulated trust and respect deserved of 
both, this bringing together of two differing world views „humanises ecology‟. 
For Māori in New Zealand TEK has been transmitted over the last 1000 years 
through observation, trial, error and adaptation resulting in the interlinking of 
humans with their environment, spiritually and physically. Oral delivery occurs by 
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way of kōrero (conversation), pūrākau (storytelling), the recitation of whakapapa 
(genealogies), whakataukī (proverbs) and waiata (song) with the various methods 
all woven into the fabric of every day life (Orbell 1978).  
TEK can reveal added information that western science with its often defined 
research limitations cannot. For example Berkes (1999) describes a two fold 
increase in western science data able to be collated once the local indigenous 
tribes were consulted regarding the spawning, location and habitat of their local 
tropical fish. Supplementation of scientific data with local traditional knowledge 
in this case increased the level of specific detailed knowledge dramatically.  
Polynesians throughout the Pacific are recognised for oral traditions that reveal a 
refined understanding of their world and their genealogical position within it 
(Haami & Roberts 2002). While their ancestors have provided the foundation for 
the character and identity of the environment and man, the cosmological 
worldview is as old as the culture itself (Henare 2001). Whereas a European 
genealogical or family tree traces human ancestry, Māori genealogical trees 
(whakapapa) are „rooted in cosmological accounts‟ (Haami & Roberts 2002). 
These authors provide an account of the importance of the Māori world view and 
its cosmogony (the development of the universe). For Māori the creation of earth 
comes from Te Kore (nothingness) where there is the ability for existence but 
nothing exists as yet and articulated as „i te kore, ki te pō, ki te ao mārama,‟ 
translating as „out of the nothingness, into the night, into the world of light‟ 
(Shirres 1997). This cosmological view includes two primal parents from which 
all animate and inanimate matter are descendent into this world. Layers of 
whakapapa connecting generations in a chronological line of descent from the 
beginning of time are often accompanied by detailed narratives (pūrākau, myths) 
creating mental imagery.  
Whakapapa espoused through mythological stories follow the passage of time 
(Shirres 1997) until the creation of Papa-tu-a-nuku (earth mother) and Rangi-nui 
(sky father), hence the mythical origins of Māori society (Walker 1990). The well-
known story describes how the children of Papa-tu-a-nuku and Rangi-nui plotted 
to separate the tightly woven couple, thereby allowing light and existence to enter 
into the world, resulting in the natural environment as we see it today (Walker 
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1990). Haami and Roberts (2002) emphasise the important cosmological 
perception concept that all things descend from the gods, with no distinction 
between the spiritual and material worlds. The interrelationship between the 
natural world around them and their physical and spiritual selves enabled Māori to 
become part of the natural world and with the added use of personification, 
humanised all aspects of their environment (Orbell & Moon 1996). Within each 
entity, mauri provides a life force and together with the use of personification in a 
whakapapa narrative, a subtle but logical identification of relatedness and 
connection to all things becomes apparent. 
Haami and Roberts (2002) go on to suggest that whakapapa of nonhuman 
phenomena are analogous to the taxonomies used by biological science to classify 
the perceived relationships of organisms. They give an example of the kumara 
(Ipomoea batatas) whakapapa in which Rongo-ma-tane (God of cultivated foods) 
is the ancestral parent. This whakapapa includes other plants having the same 
morphological resemblances i.e., the spreading and climbing form of the aka 
(Metrosideros albiflora, M. perforata) and pōhue (Calystegia sepium, 
convolvulus). Their theory is supported by Berkes (1999) who describes how 
indigenous classification systems developed by different cultures include elements 
of the environment that are important to them and comments that some cultures 
not only include plant and animal species but also the local ecosystem.  
Whakataukī used in oral situations are proverbs, often metaphorical, that have a 
singular or many underlying moral meanings (Williams 1992). They are relayed 
using imagery most often reflecting what is occurring in the natural environment. 
Wehi (2005) analysed whakataukī extensively to identify common themes in the 
management and ecology of harakeke, demonstrating similarities with this 
traditional oral knowledge transfer and contemporary science. For example Wehi 
(2005) noted that the following whakataukī inferred the nutrient cycling and 
organic processes occurring in the natural world and the relationships within each 
of those phases with each other. It demonstrates the ecological relationship of 
harakeke with kākā (Nestor meridionalis). 
 Kua tupu tōu pā harakeke 
 Kua aroha ki te pīpī nei, ki te kākā  
 Your flax bush has grown vigorously 
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 It has nurtured the fledgling and the fully-grown kākā.  
 (K. N. Kaa, Ngati Porou, quoted in Metge 1995:114) 
This whakataukī is further described by Metge (1995) as a metaphor of the cycle 
of life whereby the mature flax bush has nurtured and provided sustenance for its 
ecological community as whole, no matter what their needs. Likewise, this 
whakataukī can directly relate to a nurturing whānau providing a balanced 
wellbeing to all family members in its growth, development, death and rebirth. 
Wehi (2009) suggests that the use of whakataukī in contemporary restoration 
ecology can provide a source of past ecological management practices and 
together with other strategies increase management capabilities, additionally 
increasing the potential for cross cultural collaborations.  
This serves as an example in which Māori translated visual empirical data in the 
natural environment into metaphors of the realities of their own human 
community and wellbeing. Other indigenous peoples including the O‟odham 
(Arizona, USA) similarly used songs. For example, one which demonstrates an 
ecological relationship between the Manduca moths and Datura flowers was 
published long before the first papers in biological literature presented „new 
research‟ regarding this relationship (Nabhan 2000).  
While Huntington (2000) concedes that effective methods utilised in the collation 
of TEK are more aligned with anthropology than science, he believes the 
gathering of this data adds to scientific research management where the 
understanding of new paradigms develops perspectives on ecological knowledge 
of indigenous peoples and provides a more complete holistic approach to science 
research. Furthermore the recording of indigenous knowledge can aid in its 
„cultural preservation‟ and assist in „consciousness raising‟ (IUCN Inter-
commission task force on indigenous peoples 1997). Additionally, Moller et al. 
(2004) demonstrate that such observations and recordings can be done over large 
geographical areas, are inexpensive, and have the potential to involve locally 
based researchers of indigenous heritage. Ethnobotanical studies can therefore 
document the ability of cultures (and sub-tribal variations within) to classify the 
natural world and their strategies used to do this, „providing understanding and 
information complementary to scientific ecology‟ (Berkes et al. 2000).  
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For the information gathered by TEK researchers to be credible, methods defined 
by Huntington (2000), following culturally acceptable processes should be 
utilised. Wehi (2009) agrees that restoration ecology using traditionally referenced 
knowledge must be accurate so that effective strategies for restoration are 
employed.  
For Māori knowledge is a tāonga and traditionally the position or occupation of 
whānau members was dependent on the knowledge that he or she was given or 
acquired. Traditional learning and passing on of this knowledge was supervised 
by whānau, hapū (sub tribe) and iwi (tribe) members (Royal 1992). As with many 
indigenous peoples living in connected but distinct communities, tribal differences 
have developed over the generations and although linkages and commonalities 
can be observed, each tribe has its own identity and traditions and therefore 
should be recorded as such (Royal 1992). It is important therefore as a researcher 
of a native New Zealand plant species to accurately record the tribal origins and if 
possible the individual informant, in order to show respect to that person and iwi 
as one would if citing a scientific reference. TEK information made available by 
Māori participants in this research represents the intellectual property of these 
people therefore full acknowledgment and referencing of informants and 
practitioners, as occurs with other published information within this thesis, is 
important in recognising their mana and the value of the knowledge. 
Following Wehi (2005) who investigated the ecology and management of 
harakeke, this thesis is in part an exploration of published TEK held by Māori as 
well as that communicated to this researcher, but unlike Wehi (2005) no detailed 
comparison or analysing of data in relation to western science will be undertaken. 
Instead, within this chapter information from users or observers of kuta will be 
examined and themes and commonalities identified. Additionally the whakapapa, 
waiata, poetry and sections in historical books that recall kuta will also be 
documented. Taken together this knowledge concerning the cultural use and 
ecology of kuta, a natural weaving fibre, will provide information not previously 
collated.  
 32 
3.2 Methods 
3.2.1 Interviews  
Persons interviewed in this research are regarded as experts in their field, some in 
the art of raranga and others in the collation of historical weaving patterns. 
Interviews focussed primarily on their personal experiences and knowledge of 
kuta covering a time period within the last 70 years, the eldest participant being 79 
years old (Table 3.1). However, some recollections the participants referred to 
were experienced by their elders and retold to them, these have been included as 
part of the participants‟ experiences and knowledge. 
Throughout this research but especially when investigating TEK every effort has 
been made „to mutually protect and respect cultural fundamentals‟ (Given & 
Harris 1994) in exchange for sharing information. This research methodology 
therefore has followed techniques outlined by other traditional ecological 
knowledge researchers such as Smith (1999) and Huntington (2000) and under 
mentorship in the first instance from Mere Roberts (Te Whare Wānanga o 
Awanuiārangi), Garth Harmsworth (Landcare Research – Manaaki Whenua), and 
later Tina Wirihana (Te Whare Wānanga o Awanuiārangi). As Wehi (2005) 
emphasises, the inclusion of holders of knowledge and mentors within this 
cultural realm (particularly if the researcher is not of the same ethnicity) are 
important when undertaking research based on kaupapa Māori (research 
incorporating Māori perspectives and values). 
Support was sought and received from Te Roopu Raranga Whatu of Aotearoa 
(Māori Weavers of New Zealand) at the commencement of this research (July 
2007) and has the approval of the University of Waikato ethics committee (dated 
25 May 2007). 
Five interviews were undertaken between September 2007 and July 2008. Two 
participants were known to the interviewer, two were introduced via third parties 
and the last was a chain referral (where one participant suggested another). An 
initial introductory phone call was made to the interviewee (one participant 
phoned the researcher when contacted by a mutual associate), followed up with a 
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letter of introduction including a participant information form, a consent form and 
a list of possible interview questions (Appendix 1) for the participant to read 
before the interview. While the interviews covered information gathered from a 
small geographic area and were concentrated around participants from the 
Northland region (with the exception of one from Te Arawa, Bay of Plenty, Table 
3.1) due to whānau contacts and the regions cultural connection with kuta, this 
does not however reflect the knowledge of harvest, preparation and use of kuta 
from other areas in New Zealand that is most likely to exist. As mentioned earlier 
recognition of participants‟ knowledge expertise, by naming them in this research 
is an important principal of kaupapa Māori research. One elder however, did not 
wish for their name to be used. In all cases, the research participants spoke about 
their own experiences, with the majority choosing not to speak on behalf of their 
hapū or iwi. Tribal affiliations are identified in Table 3.1 to highlight the area 
from which their knowledge may have been derived.  
Interviews were at all times at the location chosen by the interviewee and a semi-
directed interview technique was employed as outlined by Huntington (2000), 
whereby guided questions were used to start the flow of a conversation and to re-
direct conversation if the need arose. This type of interviewing technique enabled 
the interviewer to restart a new topic during a lull, while making allowances for 
the flow to develop into a new topic if it was one not previously considered. 
Although the interviews were relaxed, often including family members to tautoko 
(support) the participant (and/or interviewer), each of the interviews were taped 
which added to the formality of the occasion and was for some, off putting. As is 
considered appropriate with all collation of information sourced from indigenous 
peoples, the information belongs to the participant unless specifically stated 
otherwise, it is for this reason that the recorded tapes will be returned to the 
interviewees (or another repository centre suggested by them) at the completion of 
this research. 
Local maps of the area familiar to the interviewees were utilised where 
appropriate and at times were an important resource that jogged memories and 
added to the conversation flow.  
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Table 3.1 Research participants: their name, age, regional affiliations and relationship with 
kuta/paopao harvest and use. 
Name Age 
range 
Tribal affiliations Relationship with kuta 
harvest and use 
Christina (Tina) 
Wirihana  
40-60 Ngati Maniapoto - 
Raukawa, Ngati 
Whawhakia, Ngati Pikiao 
Expert weaver, teacher 
(watched father harvest and 
kuia weave) 
Joy Wikitera 40-60 Te Rarawa, Te Aupouri Expert weaver, teacher 
(weaving since 1993) 
Ross Gregory 40-60 Te Rarawa, Ngati Te Ao, 
Te Aupouri  
Elder, teacher (taught by 
elders within hapū) 
Anonymous  60-80 Ngāpuhi Elder and expert weaver 
(grew up surrounded by 
hapū members weaving) 
Mick Pendergrast 60-80 European Author, weaving pattern 
historian, ex museum 
curator (learnt from experts) 
3.2.1.1 Analysis of transcripts  
Each participant was provided with a copy of the transcribed interview with the 
invitation to comment, alter or add to the transcription. This gave the participant 
the opportunity to clarify comments, particularly if they felt that their point of 
view was not fully communicated. On more than one occasion, a participant 
added further comments he/she had forgotten or wanted to add after the interview.  
Although semi-directive interview analysis and subsequent transcription of 
conversations can assemble large amounts of information, careful analytical 
methods can also be employed (Neuman 2006). Transcribed data was displayed to 
allow visual shifting, sorting and reflection, enabling large amounts of data to be 
grouped into smaller more manageable data sets. Common themes found 
throughout the dialogues, endorsed by direct quotes from the participants‟ 
transcription, were then available for use.  
3.2.2 Published material  
As previously mentioned, in oral cultures extensive use is made of language to 
transmit knowledge via music, dance, singing, story telling and reciting of poetry. 
For this reason the examination of published documents held at public libraries, 
the Auckland War Memorial Museum, Te Papa, and online databases was 
undertaken in order to locate whakapapa, waiata and whakataukī referencing kuta 
(or any alternative nomenclature listed in chapter 2).  
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A translation of a chapter sourced from Grey‟s (1853) publication referencing 
kutakuta, was undertaken by Hawira Hape, (descendant of Te Hapūku o Ngati 
Whatuiāpiti hapū, Ngati Kahungunu, East Coast North Island, iwi) under the 
guidance of his elders. In an informal interview session, the interpretation and 
explanation of the piece was discussed, subsequently Hawira Hape provided a 
translation of the script (within the context of this thesis) which is reproduced 
with his kind permission. 
3.3 Results 
3.3.1 Interviews 
The five interviews provided a wealth of information with regard to many aspects 
of the preparation, utilisation and conservation of kuta. Key themes emerged from 
the discussions and are summarised in Table 3.2. These themes are further 
examined below with responses and quotes from the participants highlighted in 
italics (occasionally abbreviated for ease of documentation).  
Table 3. 2 Emergent themes from interviews. 
 Key theme  
1 Information source was from elders in the area 
2 Many specific tikanga, karakia, whakataukī, waiata, whakapapa pertinent to kuta 
have been lost. 
3 Harvesting from traditional sites is important with the deeper water providing the 
opportunity for stems to be long and strong. 
4 Care is taken so that stems are not damaged when harvested. Group harvesting is an 
important element.  
5 Once dried little additional preparation is needed. 
6 Mats have been the most common use for kuta. 
7 Kuta has a rich golden hue once dried. 
8 The biggest barrier to using kuta is the availability of sites for harvest. 
9 Kuta is not prized for it strength, more for the warmth and comfort of the dried 
stems. 
10 Little direct management is needed of kuta. Future restoration projects should use 
the original plant composition, rather than introducing new species.  
3.3.1.1 Who provided the information for the weavers? 
All participants learnt their craft or practices pertaining to utilisation, harvest and 
conservation of kuta from others around them that held the knowledge, more 
specifically elders from their hapū or weaving peers. Most were the recipients of 
information from direct descendants. For one anonymous participant this meant 
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that younger members of the whānau learnt from the elders: “I mean life then was 
totally different to what it is today. The young people had nothing else to do so 
you are trailing after the older lot, whatever they were doing… the thing is when 
the older women are sitting down we like to stick our noses in and have a 
hakinohi (nosey, sneaky look) ... and as time went on we sort of cotton on to how 
the thing was done”.  
Most participants relied on others for guidance at time of harvest, identifying the 
location of harvest, preparation of the fibre and how to use the readied material. A 
kuia of Tina Wirihana was able to tell her father when it was the right time for 
harvesting. “She was the knowledge holder… it was that ability to read the 
climatic and environmental conditions…which indicated to her that it was the 
time to go”. In the years when the use of kuta had reduced in Te Rarawa (northern 
iwi) Ross Gregory felt it was up to the younger generations to access information 
from the expert weavers within the whānau. “…at that stage they would have 
been in their 80‟s, late 70‟s 80‟s and I would have been around mid 30‟s… My 
other aunties would have been in their early 60‟s and they were taught the kuta by 
some of these older ones”. It was the younger aunties mentioned by Ross Gregory 
that were the „directors of operations‟ at harvesting sites. “My aunties would say 
„well go here this time and get what we can out of here‟ and then we would 
harvest from there”. They received information from older kuia who, being 
elderly, were only able to help with the weaving at the Marae (traditional meeting 
place for hapū or iwi). 
While it was mostly men who were involved with the harvesting process “…there 
had been lakes where the men folk would take a dingy” (anonymous participant), 
women did harvest as well. However the weaving of kuta was generally the 
domain for the woman, although the anonymous participant remembers two men 
who sat with the women “…it was in my time when there were two men weavers 
here”. 
3.3.1 2 Tikanga, karakia, whakataukī, waiata and whakapapa 
3.3.1.2.1 Tikanga  
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Details of specific tikanga for kuta was either not known or not revealed during 
interviews.  
3.3.1.2.2 Karakia 
Te Rarawa elder Ross Gregory suggested that there may have been separate 
karakia for use before the harvesting of kuta, rather than a generic karakia 
covering all plant fibres used in weaving, as kuta primarily came from a water 
source, not land as with most other fibres. “I think, my feeling if there was tikanga 
it would be a little bit different, you‟ve got to think of it as opposed to… water and 
land, the whenua… I am just guessing, because OK kuta is a different material, 
OK it might have the same sort of uses but…I know …not everybody had them 
(mats), the special rangatira (male or female chief) had them…so I guess the 
tikanga would have been quite different I think”. However nonspecific tikanga 
was used for handling all weaving fibres. For example: no walking over material; 
no eating while working; and returning waste back to the harvesting site. As 
reiterated by Ross Gregory. “… all the rubbish and excess material that we 
gathered together was put back into the kuta plantation”. 
3.3.1.2.3 Whakataukī 
Details of specific whakataukī for kuta was either not known or not revealed 
during interviews (not withstanding the possibility that there are pertinent 
whakataukī not deemed appropriate to be disclosed during this research).  
3.3.1.2.4 Waiata 
A single waiata was recollected, although the interview participant (Ross 
Gregory) was unable to recite specific lyrics. The waiata was thought to pertain to 
the use of kuta as a wrapping or armour aiding in reducing impact from blows to 
the forearm received during fighting, this wrapping was called a puru (whakapuru 
tao: arm pad used as protection; Williams 1992). Ross Gregory observed: 
“Sometimes they use these ones for fighting…they call it te puru, they wrapped 
this stuff around (indicating a wrap around the forearm) to ward off blows. And 
sometimes they made them out of kuta or sometimes made them out of the kōrari 
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(Phormium tenax, harakeke), well the ones I know are to do with te puru because 
one of our tribes went to war and said „Ko te puru…”. 
3.3.1.2.5 Whakapapa 
One whakapapa specific to kuta was recalled by Ross Gregory, belonging to the 
Tai Tokerau (iwi of the far north) region he lived in“…it seems logical that there 
would be one”, but he was not able to source the original script. This information 
was given when he was younger and it was only as he grew older that the 
realisation of its significance grew “I got it from this old kaumātua (adult, elder) 
from Te Kao… it wasn‟t till years later that I thought…oh that is what that 
means”. 
3.3.1.3 Location, quality and length of kuta available for harvest 
Significantly all participants agreed that the length of the kuta stem was an 
important consideration, and none used culms that were short (ideal culm length is 
estimated to be longer than 1½ metres). All felt that the strength of the kuta stems 
would be compromised if harvested from an area that produced shorter lengths. 
“… not only the length but the best kuta is under the water, the colour and um 
strength and all that. The top bit is the weak faded bit, so what you mainly weave 
with is the bottom bit not the top bit and if you are going to put it in ponds and 
creeks (implying shallower water depth) it‟s all above the water” (Joy Wikitera). 
Indeed Tina Wirihana suggested that it was due to the length of the kuta culms 
that Ngati Pikiao was renowned for its kuta mats. “We‟re renowned as kuta mat 
weavers where I was from, merely because of its strength and the depth of the 
water gave you the length”. All participants agreed that the strength of the culm 
came from the submerged section underneath the water and it was this quality, 
together with the length, that deep water harvesting areas were sought after. “The 
kuia‟s told us that the best part is under the water, the top is not of the same 
quality, lasting or colour wise” (Ross Gregory).  
Significantly the two participants from Te Rarawa talked of their harvesting site 
as Lake Ngatu and would not harvest from any other location (there are other sites 
in the region growing kuta) due to the abundance and quality of the material. Lake 
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Ngatu is known as „the best‟ harvesting site and is respected as such by those in 
the weaving fraternity. “That place has been there for centuries, 100‟s of years 
and it has always been known as a kuta place, nothing else…it‟s got a value” 
(Ross Gregory). Other participants though lamented that sites have been lost and 
quality areas to harvest from have suffered due to increased pollution, changing 
landscapes (primarily drainage of swamp and lakes for productive farmland) and 
conflicting recreational use. “…I guess its selfish reasons by certain boat owners 
where they want to have closer access to their property so they remove the 
paopao (kuta)” (Tina Wirihana). 
3.3.1.4 Harvest 
Generally harvesting was undertaken during times when the water was warm, 
heading in to the cooler winter and completed before new growth appeared in the 
spring. “When you go out for kuta you start off in the month of April to August. 
No earlier, no later. From April to August… they are mature then. Not before. So 
those months are spent collecting as much material for weaving, say for big 
Marae's eh” (anonymous participant). Tina Wirihana remembers her father going 
out when the water was cooler, “yes and it was in the middle of the winter” and 
thought that perhaps harvest was indicated by Matariki (the first appearance of 
Pleiades, sometime in June). “I was thinking it was more likely that in the 
Matariki period, because that was pretty much in the middle of winter, the 
dormancy and the significant…period change, harvesting indicators, it all sprung 
off the matariki and more so because we‟ve become more informed of the 
Matariki recently”. 
Harvesting kuta is not a job for a single person and is done in a group situation, 
the anonymous participant always harvested in a large group, gathering large 
quantities. “But when you think of a big group of people going to gather material, 
that is a heck of a lot in a day”. Harvest time for Ross Gregory was a family affair 
with the children being encouraged to help “…well the divers, there would have 
been about 6 of us, there weren‟t heaps...there were kids with us, so it was like 
having fun while you were working”. 
The pattern for harvesting kuta was generally the same for all participants, divers 
went down to the bottom of the lake bed and cut the culms as close to the rhizome 
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as possible, once released the culms floated to the surface. All stems were 
harvested with no regard of potential differences in growth phases. “So it didn‟t 
really depend on what colour they were either, you know they were all sorts of 
colours, green and yellowish and brownie…so everything was bought up and 
harvested and sorted and what we didn‟t want was put back in the patch again” 
(Ross Gregory). At this point care is taken not to man-handle the culms, reducing 
damage. “…he (Tina‟s father) slashed at the base then everything just sprang up 
so there was minimal handling to eliminate the creases, when he sliced they just 
sprang up… they automatically moved together with the quiet of the stream or 
within the movement of the lake” (Tina Wirihana).  
Floating stems naturally sorted the rotten and decayed culms which fell from the 
surface of the water. “When we bought them to shore, we sort of shot them in the 
water and the rubbish dropped out” (Ross Gregory). A second stage of sorting 
was completed at the waters edge where the good stems were tied into small 
bundles for ease of handling. “It didn‟t come up in one solid mat, it split out like a 
raft and so they (the aunties) went into the water and picked out…the good bits 
they put them on shore and the rubbish bits they gathered them up and put them 
back into the plantation” (Ross Gregory). Additionally, the anonymous 
participant observed“…up onto the bank there would be ladies there to bundle 
them… Well you‟ve got to sort all of those out. You are not going to waste any”. 
At the Marae Ross Gregory noted a third sorting process was followed, to further 
ensure quality kuta lengths were used. “…sorting in lengths…because I can 
remember some long ones in one heap and another lot that weren‟t as long…also 
they were checking to see if there were any kinks in them and discard or cut them 
off”. 
3.3.1.5 Preparation 
Unlike using harakeke which needs extensive stripping and boiling before use, 
once kuta is harvested minimal preparation is needed before weaving. “…because 
of the nature of the material there was minimal preparation…once the materials 
were dried then you got in there and wove” (Tina Wirihana). The drying process 
however, once away from the water, was achieved with no clear consensus by 
participants. Tina Wirihana remembers her father using a thin covering that totally 
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eliminated light while ensuring that the culms were not subjected to any 
compression. “…anything that would eliminate light coming in, because if you 
had weight on them, compressed, you would squash them”. In contrast Ross 
Gregory recalls they covered their harvested kuta with the weight of damp sacks, 
drying the stems slowly, using a controlled moisture regime. “We took it back to 
the Marae and they just put wet blankets on it, a wet covering in a dark place. We 
didn‟t leave them out in the sun which would have been logical as the sun would 
dry it up, but that‟s not very good for them, it makes them quite sort of brittle, so 
it‟s best they told us, its best to dry…in a warm, yet damp place with a bit of 
ventilation so the wind could get at them. They (the aunties) had a look and if we 
needed to dry the blankets out a bit or they needed a squirt with a bit of water to 
dampen, to maintain the sort of texture and to control the drying I think as well as 
the mildew…The right conditions and ventilation, covering and a good watering 
system, it didn‟t take long.”. The anonymous participant however hung the 
bundles to dry in the shade of the trees near the Marae. “ …bundling them up and 
hanging them up to dry, you don‟t have to have them out in the direct sun…when 
you think about it there was always trees… because when they are out in the sun 
for that period of time you are going to find they‟ll break… just like harakeke”.  
Although it was an important point for the above participants not to dry the kuta 
in the sun, as it was felt that the fibre itself would be weakened and spoilt, there 
are occasions that Joy Wikitera uses the sun to dry her kuta out. “I turn it 
everyday, every night I drag it back in the shed, it‟s usually on the tarp … and in 
the morning bring it out. Just keep turning it everyday”. 
It was generally observed that the kuta culms did not dry in a uniform manner, 
each drying at different rates while slowly revealing a variety of hues. “Of course 
they didn‟t dry out even ... some were yellow green, some were more green than 
yellow some were more golden… (Then the aunties) got to the point where they 
were satisfied that they were sufficiently dry to be able to work the resource and 
of course the drying process still continued after that…the finished article was 
still allowed to dry”(Ross Gregory). Tina Wirihana checked the drying of the kuta 
daily to remove the culms that show signs of decay “once all the paopao (kuta) 
was dried, they dried at their own pace,… you would see some that are drying 
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took to a certain colour the gold colour and if it went beyond that then it was 
classified as being rotten, starting to decay”. 
The anonymous participant marvelled at the ability of kuta to keep for use at a 
later date, provided the material was not remoistened. “Yes you can keep them for 
a long time, as long as you don‟t get them wet and dry again neh. It‟s 
the…material that stays wet for too long, that rots the material. But kept dry, they 
were normally kept in big sacks…and they‟re kept for ages, ages…years”. 
3.3.1.6 Utilisation of kuta material 
Due to the nature of the kuta stem nearly all of the length was able to be utilised, 
nothing was wasted and the smaller pieces of remaining material were used for 
hats, kete, toys and other items. “…they used just about all the kuta material 
except for near the end…What was left over they started making hats, pōtae (hats) 
were very popular, then they started making little kete too… everything that was 
left over had a use”(Ross Gregory).  
Kuta mats (tāpau) in Marae are prized in the Te Rarawa and Ngati Pikiao rohe and 
were generally used in many other northland Marae, “It used to be a great thing 
with all the Marae up north here eh” (anonymous participant), who used them on 
the floor for sleeping and general use, providing comfort and warmth. “Kuta 
material is quite warm and soft and our kuia‟s told us they were superior mats… 
they were also sleeping mats, they piled them up because of their soft sponge and 
they were quite good to sleep on” (Ross Gregory). Participants commented on the 
large size of the kuta mats, on occasion large enough to fit a single mat into a 
room. “…they were just so big, they were huge, some of the mats would be about 
this big (size of the room)” (Tina Wirihana). “Because I know our old hall, well I 
am talking about when we were kids, our hall was covered with kuta mats. They 
were long mats, they might have had about three mats that would cover the whole 
floor” (Ross Gregory). 
It was the opinion of all the participants that the reduced use of kuta mats on 
Marae was due to the need to replace the worn mats over a period of time whereas 
modern fabrics such as carpet and mattresses provided the same or higher level of 
comfort whilst lasting considerably longer. During the restoration of Pukepoto 
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Marae (Te Rawawa) in the 1970‟s new kuta mats which replicated patterns from 
the worn mats, were placed on the walls as a testament to the skill of previous 
weavers. “…and so we got the kuta, knowing that‟s its quality on the floor would 
be short lived … we put them on the wall. And so all around one side of the whare 
we‟ve got our kuta mats. With all the patterns the kuia had done on the old ones, 
so they put all the patterns on the wall. So it was in essence a memorial to those 
kuia” (Ross Gregory). 
Although none of the interviewees had used kuta on the walls of their Marae as 
insulation, during an informal interview with Reimarie Kapa (Ngati Rehia, hapū 
of Ngāpuhi) in April 2007 he stated that his whānau used kuta and raupo, bundled 
up, as insulation within the walls of their whare.  
While Joy Wikitera used the kuta she harvested to made cloaks and rain capes to 
order and kete with the remaining pieces, no other participants apart from Ross 
Gregory‟s recollection of its use as a puru had observed any other local uses 
(other than the mats) of the fibre. Most however had heard or seen in museums 
and reference books the rain capes, cloaks and maro traditionally made with kuta. 
Ross Gregory has an indistinct memory of the kuta rhizome being utilised, but is 
unsure and unclear of any details. “…well they told me the root was used for 
something but I‟m not sure what it was for…the rhizome for something… I think 
they used to boil it, but I can‟t be sure”. 
3.3.1.7 Colour 
The natural un-dyed fibre of kuta is a major attraction because of its unique 
golden hue. “The different colours were the attraction because the kuta, well it‟s 
a natural colour, you‟re not dying (it)” (Ross Gregory). Tina Wirihana believes 
that the deepening colour of the maturing kuta in situ is reflective of the rich 
colour that is held within the finished article if light is eliminated during the 
drying process. “…(the) gold-ish colour that start(s) to become evident…that‟s 
the colour that it would normally dry once it‟s actually denied any light when 
harvested…When you minimise the light it actually got really, really gold”. It 
appears that each kuta stem dries with a slight variation of the same hue. “Of 
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course they didn‟t dry out even some were yellow green, some were more green 
than yellow some were more golden” (Ross Gregory).  
3.3.1.8 Barriers to harvest and use 
Four major barriers preventing the continued use of kuta as a weaving resource 
were highlighted by the participants. Of biggest concern is the accessibility to an 
on-going supply. Another problem is that group gathering is necessary for safety 
and practical reasons requiring numbers and an organised trip. “So flax was the 
easier… it was quick you just go out the backyard to the bush, but the other (kuta) 
you had to organise a trip to the lake and harvest it and all that and so maybe the 
preparation was a bit longer with kuta rather than, as opposed to flax” (Ross 
Gregory). Therefore an ongoing supply of kuta may be difficult for individuals 
using it as a weaving fibre regularly throughout the year.  
A third barrier for many is the change of ownership and uses of kuta habitats. 
Some traditional harvesting sites accessed by either one or more hapū as a 
collective, have become part of individual land ownership, some areas have been 
drained: “You‟ve got the understanding with the farms…taken over by the 
Europeans…the rivers have been cleaned of these whatever. It happens all 
around” (anonymous participant). Likewise the use of water sources such as lakes 
has changed over time with conflicts of interest developing between different 
users unaware or indifferent to each others need. “…they have speed boats, water 
skiing which is OK but at one stage they thought they might clear away some 
more (kuta) so they could surf more. So we thought „go to the beach if you want to 
do your thing‟, or go somewhere else. So it was just… another plant that didn‟t 
have any use …” (Ross Gregory). Tina Wirihana confirms this insensitivity when 
talking about access to lakeside properties.“ …I guess its selfish reasons by 
certain boat owners where they want to have access, closer access to their 
property so they remove the paopao (kuta)…”. 
Lastly and perhaps most significantly in light of global climate changes and 
possible decreases in locally obtainable freshwater, is the connection between 
reduced healthy kuta stands and increased pollution of waterways. Tina Wirihana 
implies the reduced size and distribution of the kuta plantation along the margins 
of Lake Rotoma is due to the increased traffic flow along the lake edge and its 
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subsequent runoff. “…being quite close to the road, in terms of … the fumes and 
pollution (has this) contributed to its (reduced) growth pattern?” 
3.3.1.9 Quality of finished product 
A bonus in the use of kuta for mats is the lack of a distinct right and wrong side of 
the finished product. “…there‟s no wrong side, right side with that material neh” 
(anonymous participant). With kinking during harvest or preparation showing 
through in the finished product Tina Wirihana reiterated the rationale for 
removing damaged culms at time of sorting. “…if there were creases inherited 
during the harvesting it became a weak point…you just didn‟t want those to 
become evident in your materials”.  
Of major hindrance to the use of kuta as a weaving resource is the lack of 
sustained fibre strength of which harakeke is so valued and utilised so extensively. 
“The quality doesn‟t have the same strength as kōrari it‟s a fragile material in a 
way, well it can last, but only withstand so much wear and tear before it looses its 
strength and becomes torn and worn out” (Ross Gregory).  
3.3.1.10 Conservation and ecology 
Tina Wirihana will only harvest locally in the Ngati Pikiao rohe if the source 
available can be used sustainably. “…rather than just go in there and take and 
weave. To me it‟s a little bit more than that. And because at this time I don‟t have 
a need to use it … but I know that the source is there when I am ready”. Although 
Tina Wirihana is aware that others coming to harvest from her area may not use 
the same fostering approach. “…we as the locals, we‟re being more 
conservative…and we‟re really nurturing its growth by refraining from going in 
there, but then we have no control of those ones (other harvesters), because we 
don‟t know when they come in”. 
The planting of kuta into new areas was approached by most participants in a 
holistic manner. Both Tina Wirihana and Ross Gregory emphasised that self 
establishment (e.g. by wind or bird dispersal) of kuta only occurs if conditions are 
suitable. “Because the way of our peoples thinking is, if its growing there it means 
it has a conducive environment, that‟s why its chosen to grow there and if it‟s not 
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growing over here then it‟s because its obviously identified as a place that it‟s not 
conducive to the climate in which the paopao (kuta) is required in order to grow” 
(Tina Wirihana). Additionally Ross Gregory reiterated that the ecology of an area 
was self determining, often prized as such and any restoration should take the 
original plant composition into consideration. “For me well, I suppose that Lake 
Ngatu is a place where I look after our kuta reserves, (alternatively) the lake 
below us was a great eel place. That lake always had raupo in it, raupo and flax 
no other vegetation, raupo, flax…no kuta. That is an important point to consider, 
instead of having kuta plantations everywhere when we have one place it 
probably tends to get looked after better”. 
All participants advocate the cutting of kuta stem near the rhizome, not only to 
capture the strongest part of the culm for weaving but to ensure the stem is wholly 
removed allowing new growth to develop from the remaining rhizome. “…so then 
it was going right down to the bed of the lake bed or river bed, wherever that 
source was, you cut it right it at base and then it just regenerated that growth” 
(Tina Wirihana).  
Strong guardianship of the harvesting sites was advocated by all participants, 
although specific practices for the kaitiaki (guardians) of kuta were either not 
mentioned or known. “I mean the only practice they told us was at the time of the 
year, during the summer time, the end of summer time beginning of the winter 
time was the best time they collected and used it” (Ross Gregory). Sustainable 
harvesting practices meant the collection of kuta was limited to its need. 
“…doesn‟t take very long, we‟re not harvesting for a big lot of work, so when we 
have got enough we just take it back (home)” (Joy Wikitera).  
Ngai Takato (Northland iwi), the kaitiaki of Lake Ngatu, provide guidance with 
the harvesting and ongoing nurturing of the kuta swards, additionally hapū 
members ensure that excessive harvesting is not occurring. “My aunties would say 
„we‟ll go here this time and get what we can out of here‟ and then we would 
harvest from there...so we went from one place (and) we never went to the same 
place, after harvesting” (Ross Gregory). The general belief was that the areas 
were effectively self managed through natural means or through sustainable 
cultural harvest. “I suppose it was a plantation, we didn‟t seem to look after it. I 
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can‟t see that there was any special treatment, going down to trim them or pull 
out whatever, but it was just done through usage” (Ross Gregory). In fact it was 
the belief of Ross Gregory that the sward at Lake Ngatu had remained a consistent 
size over the past 20 years. “I don‟t think that it has varied too greatly over the 
years…self managed”.  
Tina Wirihana felt that it was imperative to keep the importance of kuta prominent 
and believed that the rejuvenation of its use in the Ngati Pikiao region would lead 
to an increase in connectivity with harvesting sites and increase the mana and 
wairua of the site. “… if the harvesting is happening that means the injection is 
going back there and so that the cycle is recognised and respected”.  
It was regular practice for the anonymous participant to gather seed present at the 
time of harvest and distribute it into areas to aid establishment of plants. “…while 
you are cutting and bundling, most of them have already got seeds on the 
top…that‟s when you cut them and all that is taken again to grow where ever you 
want them to grow…where there is no growth at all…because they will multiply, 
there‟s no need to take the seeds (back to the Marae)…they‟ll multiply”. But 
others had not heard of nurturing or establishing new plantations with either seeds 
or rhizome material. “I can‟t recall them just saying OK we‟ll just go and dig up 
the bulbs or whatever you call them and take them to another place and 
transplant them” (Ross Gregory). Seedlings were not noticed by most participants 
in the deep water and it was thought that new growth occurred mainly through the 
extension of the rhizome. “...the roots…are still there, next year they would still 
be there” (anonymous participant). However Ross Gregory noted small seedlings 
in the shallow areas of the lake in spring time. “…well there was young plants 
coming through, in some of the places that were sort of a bit more sparse than 
others, I did see that at different times of the year…when it started getting warm 
again”. 
The anonymous participant strongly believed that kuta had the same appearance in 
all areas, which was a sentiment felt by other interviewees. “…no, no there‟s no 
difference in kuta at all, unlike the harakeke there‟s a big difference and so many 
varieties of harakeke, not so with the kuta. … I have never ever noticed any 
difference with wherever the kutas are growing”. But the transfer of seed or 
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vegetative cutting out of its own ecological area was not encouraged. Tina 
Wirihana was unsure what effect the geothermal activity near their harvesting site 
has on the kuta growing there. “I‟d question moving the rhizomes from the 
volcanic plateau area…and I‟d really enquire further in terms of the whenua 
make up, what makes it more conducive for the rhizomes to thrive in our 
location”. Ross Gregory felt that seed provenance was important and 
experimental trials would determine how the plant would grow under new 
environmental conditions. “I think the environment has something to do with the 
quality or whatever…and I think kuta would be the same”.  
Tina Wirihana can recall her father consistently returning to harvest kuta for her 
kuia from the same site at Lake Rotoiti and considers this location to be one her 
ancestors have harvested from. Areas such as this where harakeke is found 
growing are referred to as „pa harakeke‟, a locale that is looked after, nurtured and 
revisited when the need arises for that resource. Tina Wirihana believes that 
similarities could be made (effectively describing a pa kuta) for kuta areas 
annually frequented by the same whānau. “So if this was the kuia‟s place of 
harvesting the kuta, then that was her place, because people knew that‟s what 
happened and that still takes place today. And so weavers had a real subtle way of 
informing people the domains of where the materials that they were accessing”. 
Participants did not notice any disease or insects affecting the kuta culms either in 
situ or later once harvested “You aren‟t noticing it on kuta how you are noticing it 
on the harakeke” (Joy Wikitera).  
3.3.2 Whakapapa 
Whakapapa, it is argued by Roberts et al. (2004), functions to assign origins and 
descent lines and the relationships between things, acting as classifications and 
ecosystem maps.  
Biologists call „family trees‟ based on the evolutionary history of descent of a 
group of taxa from their common ancestors, phylogenies. These phylogenies are 
presumed to reflect the descent of all species by natural selection from a common 
ancestor (Campbell et al. 1999). In this sense both whakapapa and phylogenies 
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have similar but analogous theoretical underpinnings, both attempting to represent 
the relationships between all things.  
As mentioned earlier (3.3.1.2.5) whakapapa from the Tai Tokerau area was 
recalled by Ross Gregory, however he was not able to remember the details. The 
whakapapa of fibre plants (Figure 3.1), which includes kuta (E. sphacelata), 
displayed in the Māori Natural History Gallery (Te Ao Turoa) at the Auckland 
War Memorial Museum, was told to Mere Roberts and Brad Haami by Hohepa 
Delamare, a kaumātua with tribal connections to Te Whānau-ā-Apanui (North 
Island east coast iwi) and strong links with the ngahere (indigenous bush) in the 
Tūhoe (Bay of Plenty iwi) rohe (Simpson 2000) and reproduced here with their 
permission.  
It is unfortunate that this whakapapa, in which the word kuta has been included to 
indicate its appropriate position, does not have an accompanying narrative to add 
layers of information. Although there are tribal variations concerning the 
cosmological origins of species, this one as with most genealogical accounts, 
begins with Rangi-nui and Papa-tu-a-nuku. One of the many offspring of this 
union is Tane (the progenitor of forest, birds, insects, rocks and stones), who gives 
rise to all but one (a harakeke varietal from the coupling of Raranga-ihi-matua) of 
the weaving fibre species in Figure 3.1. The coupling of Tane-oioi and Maunga 
produces a group of plant and animal species that share similar coastal lowland 
and forest-edge habitats. Offspring of Te Kawha, Typha orientalis, E. sphacelata 
and Schoenoplectus tabernaemontani are all wetland plant species with a 
preferred habitat of shallow to deeper waters in lowland lakes, rivers, streams, 
swamps and ponds (Johnson & Brooke 1989). 
White (1887; 1890) further highlights the lineage from the coupling of Tane and 
Maunga, accordingly he writes (White 1887:144) 
“Tane took Maunga to wife, by whom he had Te Piere (called) and 
Te Matata (carried on a litter) and Toetoe (split in shreds) and Te 
Kawha (Ngawha, split open)”.  
Additionally White (1890: 203) notes:  
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Tane (male) took (ka moe i a) Maunga (mountain) (first wife - 
wahine tua-tahi) and had (tana ko) Te-piere (earnest desire), ko Te-
matata (carry on a litter), ko Toetoe (strip into shreds), ko Te 
Kawha (Ngawha) (burst open)”.  
Williams (1992) and other published works provide additional material and 
possible alternate translations for some words in this whakapapa. 
Piere the robin (Petroica australis), is an endemic bird species that once was 
widespread across a variety of habitats in New Zealand but is now endangered as 
a result of predation by exotic fauna and mostly restricted to pest free 
environments. Its song which can last for 10 to 20 minutes includes a sequence of 
repeated syllables as well as a „call‟ or alarm when in danger (Moon 1979).  
Matata or fernbird (Bowdleria punctata) prefers a habitat of low dense ground in 
drier swamps, pakahi (heathland), rush and tussock-covered saltmarsh, making its 
nest with dry rushes and grasses just above the ground (Moon 1979).  
Toetoe can refer to a number of grass species of Cortaderia (Johnson & Brooke 
1989; Williams 1992), with Williams (1992) further suggesting in the translation 
of toetoe the splitting of the plant to make toetoe thatch (for a dwelling). 
Sources providing a translation of Te Kawha (or Kawha) could not be found. It is 
the belief of Broughton (1984) that while dictionaries such as Williams (1992) 
contain a wealth of important and technical information, many meanings and 
significant words have been lost over time. White (1887) however translates the 
word Ngawha as „spilt open‟ and in White (1890) he refers to it as „burst open‟. 
Williams (1992) also translates Ngawha (amongst other meanings) as raupo and 
as overflow (as in banks of a river).  
A scientific taxonomy (classification) of kuta is shown in Figure 3.2 based on the 
Flora of New Zealand series and the Ngā Tipu o Aotearoa - New Zealand Plants 
database (electronic versions: http://nzflora.landcareresearch.co.nz/, 
http://floraseries.landcareresearch.co.nz/pages/index.aspx). The much abbreviated 
phylogeny shown in Figure 3.2 details the three species, Typha orientalis (raupo), 
E. sphacelata (kuta) and Schoenoplectus tabernaemontani, (in the whakapapa all 
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offspring of Te Kawha) as descended from a common ancestor belonging to class 
Liliopsida. Included in the phylogeny are the plants Cortaderia (toetoe) and 
Phormium tenax (harakeke) which in the whakapapa are close „whānau members‟ 
(Figure 3.1). All five species are of the Liliopsida class: seed plants that produce 
an embryo with a single cotyledon and parallel veined leaves, including grasses, 
lilies, palms and orchids (Allan 1985). Cyperales, Typhales and Liliales are orders 
of flowering plants and the families Cyperaceae, Poaceae, Typheraceae and 
Agavaceae are each a taxon of monocotyledon flowering plants (or herbs) that 
resemble grasses (some superficially), rushes or tufted plants (Allan 1985; 
Johnson & Brooke 1989). 
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Figure 3. 1 Nga Rau muka o toe Māori, whakapapa of fibre plants as told by H Delamare (Te Whānau-a-Apanui). Courtesy of the Auckland War 
Memorial Museum 
.
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Figure 3. 2 An abbreviated classification of E. sphacelata, Schoenoplectus tabernaemontani, Cortaderia sp. Phormium tenax and Typha orientalis 
sourced from Manaaki Whenua - Landcare Research, Ngā Tipu o Aotearoa - New Zealand plants database. 
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3.3.3. Published material 
The following is a piece of script taken from Grey (1853:1xxvii). 
No. 5. - Ko nga atua Māori  
Nga ika i te wai tai, i te wai maori. He atua anake mo nga tangata, 
nga mea ia i atuatia ai, ko nga hapu o te wahine i mate roto tonu 
mai, a whakatahetia ana tana tamaiti, whiua atu ki te wai, kainga 
mai e aua ika, a waiho tonu mai hei atua ngau tangata, wahine, 
tamariki. Ka hapu ano, ka mate roto, whakatahe tonu, whiua atu ki 
te whenua, kainga mai e nga mea o te whenua, e nga manu o te 
rangi, waiho tonu iho hei atua ngau tangata, wahine, tamariki, aha, 
aha noa atu. 
Otira, he atua ano nga atua nunui o mua, no roto ano i te tutakinga o 
Rangi', raua ko Papa', i wahia i roto i nga tupuna nga ingoa. Ina hoki 
era nga ingoa. 
Ko Maru, he atua, ko Rongomai, he atua, ko Itupawa, he atua, ko 
Hangaroa, he atua, ko Ihungaru, he atua, ko te Iho-o-te-rangi, he 
atua. 
Ko nga atua enei i haere mai i tawahi i Hawaiki, na enei i ahuahu 
nga hapu whakatahe o nga wahine o tawahi, me nga wahine o tenei 
taha. Mei kore he atua nui o namata, e kore e whai atua ririki nga 
maori. 
Ko nga ara whakatara, he harakeke, no te tatuatanga e taua wahine, 
waiho tonu iho hei ara whakataki, ina mate te tupapaku, ka 
whakatakototia te ara, ki runga i taua mahaki, ka karakia atu ai te 
tohunga, ina ka rongo te atua ngau, ki te rawa tika ia i kitea e nga 
matakite. 
Ki to rawa ngaro, e kore e ora, ko te tarutaru ano tetehi, ara no te 
marohanga e te wahine he raupo, he toetoe, he kutakuta, he 
raurekau, he aha, he aha nga ara o te atua.  
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Below is the translation and interpretation by Hawira Hape (2007), reproduced 
and included in this thesis with his permission. 
No.5. - The Māori Gods 
Fish in coastal estuaries and marshland swamps, the true God of 
mankind, sanctified all creation, in pregnancy, miscarried or aborted 
foetus and afterbirth are placed in waterways, to be eaten by fish, 
the child‟s spirit is demonised by men, women and children. Also in 
other pregnancies, which miscarry or abort, the foetal matter is 
placed on land, to be eaten by land creatures, fowls of the air, the 
child‟s spirit is also revered by men, women and children, any and 
all creatures. 
Also, other Deity of this era are supernal, they originate from the 
union of Rangi and Papa, and are remembered in the naming rituals. 
Even to using their very names.  
Maru is a God, Rongomai is a God, Itupawa is a God, Hangaroa is a 
God, Ihungaru is a God and Iho-o-te-rangi is a God 
These Deity have prospered since settlement from abroad and are 
considered the origin of abortion in women from abroad or women 
from here. If it were not for these supernal Deity, a belief system 
would not exist for Maori. 
Supplications are prepared, in flax wrappings, used as a girdle by 
the woman, to avert similar misfortune and mourned, the offerings 
are laid in a special arrangement and over these donations, the priest 
prays, if accepted, the demi-god will give a sign, to be 
acknowledged by the diviner.  
In post-natal haemorrhages, usually fatal, scented moss bandages 
are used, worn under an apron, dressings made from raupo, toetoe, 
kutakuta or raurekau, anything from nature (© H. Hape). 
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A single poem reproduced below from a recently published book by Te Rito 
Maihi (2003) depicts the occurrence of weaving fibres in their natural habitat and 
celebrates their usefulness and ultimate mana as a weaving resource. Toi Te Rito 
Maihi descends from a line of artisans on both sides of her whakapapa and 
specialises in education, weaving, art and writing (profile sourced from 
http://www.tki.org.nz).  
 
Kuta 
You entice kuta 
as your dark green lengths 
gleam in the sunlight 
and toss the light amongst you- 
your tubular stems air-filled 
thrusting upwards through the water 
from roots tenuously attached 
to the lake bed. 
 
And as you mature 
you capture colour! 
creeping down from sky-yearning tips 
until you flash yellows and pinks 
greens, browns 
oranges and purples. 
And after harvesting- 
hung to dry in the darkness- 
how do your satin-soft strands 
transmute into gleaming coloured gold? 
Irresistible!  
3.4 Discussion 
A significant theme that emerged from all the interviews concerned the 
importance of the source of information about valued resources such as kuta. All 
agreed that hapū and weaving peers are seen as the direct foundation of that 
information, more specifically the respected weavers within ones own hapū. Older 
members of the weaving fraternity have „been there, done that‟, revealing 
methodologies and instruction passed down through generations from their own 
elders. 
Harvesting from traditional sites or swards of kuta was considered important to 
ensure the success of the finished article. The lengths of kuta achieved at 
traditionally harvested sites were long (with an increased diameter), and the length 
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of the section beneath the water, prized for its added strength, was reflected in the 
finished article. Consequently areas that produced kuta with these qualities were 
held in high regard and treated with respect by harvesters. The colour shown in 
the older culms in situ are expressed in the dried stems and although it is thought 
that the different colours present in finished products derive from the drying 
techniques, they all originate from the same golden hue of the previously uncut 
culms. 
All the interviewees harvested their kuta in similar ways. Group harvesting is safe, 
efficient and effective, culminating in sorted bundles of kuta ready for the 
following drying phase. Kuta stems, when floated to the surface after cutting, self 
sorted with those culms in senescence dropping away. Floating the culms on top 
of the water ensured they were not subjected to any forces resulting in weakening 
of the stem. Sorting at the waters edge allowed for excess and damaged material 
to immediately be returned to the harvesting site, an important consideration for 
the harvesters and considered to be part of their kaitiaki role.  
Preparation of the kuta stems after they had been harvested produced no clear 
consensus between the interviewees. The importance of the sun in reducing the 
strength of the finished fibre was highlighted by some as a significant point 
necessitating the culms to be wholly covered, eliminating all light whilst drying. 
Another agreed that direct sun was detrimental to the culms and used trees to 
shade the culms while drying. Conversely another, on occasion, used the open sun 
as a means to quickly remove the moisture from culms before decay would occur. 
The amount of moisture loss and the use of compression led to another 
discrepancy between interviewees, with one participant using a controlled weight 
and moisture regime to slowly dry the culms while others turned the culms 
everyday to remove any moisture held within the bundles.  
The majority of the interviewees used kuta solely as a material for the highly 
prized kuta mats. The noticeably soft and warm fibre of kuta was such that some 
considered them superior to other floor coverings that used flax, hence their status 
of being used exclusively by a few privileged persons on their Marae. Alternate 
uses for kuta revealed during interviews were few and it is thought that the lesser 
strength of the fibre compared to harakeke impacted on its potential utilisation. 
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Although mats are the most common article made from the plant, one participant 
used her harvested kuta exclusively for made-to-order rain-capes, with the left-
over pieces utilised in smaller items such as kete. Using the remaining pieces of 
kuta for making smaller items was an important point raised during interviews to 
emphasis nothing was wasted, excessive harvesting and subsequent waste creation 
was not tolerated.  
Although the preparation of kuta is seen to be easy (relative to harakeke), the 
harvesting of material is not as simple, requiring a coordinated group of divers 
and sorters who are able to gather together to collect enough, but not too much, 
product for the projects ahead.  
It was the belief of all interviewees that although traditional sites for harvesting 
were still available, many sites had been lost during recent times. They suggested 
that changes in land use were the main cause of reduced access to sites, for 
example the drainage of swamp and lake areas to provide additional terrain for 
landowners. The perceived value of the land and water therefore was different for 
potential users and not always understood by both parties. Additionally not only 
have traditional sites been drained leading to the loss of whole ecological 
communities, but other sites once traditionally harvested, have become 
fragmented and pathways for once used access have become obscured or lost due 
to alienation of the land into individual title.  
Cultural harvest is based on the premise that one is allowed to remove as much 
material as needed as long as there remains sufficient for rejuvenation and 
sustainability of the resource. This outcome, universally used by indigenous 
peoples, requires all those harvesting to actively understand and care for the 
environment in which they are harvesting. This regard for conservation and 
ecology was reflected in the discussions of those interviewed concerning 
harvesting their resource.  
Mixed feelings on the issue of restoration were revealed, with most believing that 
if kuta had not self established within an area it was not a suitable site for the plant 
to flourish and therefore the introduction of the plant would prove unproductive, 
although seed scattering to enhance sites was done by the anonymous participant. 
Transfer of a kuta rhizome section was decided as the most probable method of 
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success in developing a new population as participants compared this to the 
success of harakeke fan transfer. According to most participants enhancing 
restoration success would also depend on the inclusion of all species of the plant 
community composition that once belonged to that site, which may or may not 
have included kuta.  
The importance of whakapapa for capturing and storing environmental knowledge 
was voiced by one interviewee who stated that “…it seems logical that there 
would be one” (Ross Gregory). In his opinion an immense amount of mātauranga 
including whakapapa known to have existed in earlier times has been lost, a 
suggestion supported by Broughton (1984). Although a surviving whakapapa has 
been recorded and reproduced here, any associated narrative adding „flesh 
(meaning) to the bones (structure)‟ (Roberts et al. 2004) of the whakapapa appears 
unrecorded. 
Despite this, the whakapapa shown in Figure 3.1 outlines the theorised origins and 
ecological relationships of kuta. The inclusion of bird and plant species within this 
whakapapa reflects the habitat and ecological preferences of each species and 
reveals the ability of Māori in understanding and recording this information from 
the real world into a mental template, in turn providing a genealogical taxonomy. 
The ability of Māori to recognise relationships between species that reflect the 
real world is evidenced by the inclusion of five species of plants which are also 
found in the phylogeny shown Figure 3.2.  
Whakapapa are inclusive of spiritual as well as physical elements. Each member 
of the lineage is an embodiment of individually named spirit beings (Simpson 
2000) and contains the essence and responsibilities associated with their position 
within that lineage. The direct line from Te Kawha in Figure 3.1 includes raupo 
(Typha orientalis) a member of the Typheraceae family, E. sphacelata (kuta) and 
Schoenoplectus validus (since renamed Schoenoplectus tabernaemontani Smith 
1995), both members of the Cyperaceae family. The closeness of the grouping in 
the whakapapa compared to the phylogeny demonstrates the importance placed by 
Māori on habitat. These three wetland fibre plants are synonymous with wetlands 
in many areas of New Zealand and have a preference for growing emergent from 
fresh water (Johnson & Brooke 1989).  
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The extended whakapapa, including additional off-spring of Tane-oioi and 
Maunga, mentions two more plant species, harakeke (Phormium tenax) and toetoe 
(Cortaderia sp.). Each are common wetland plant species having the same form 
and structure as kuta and raupo (monocotyledons) with some varieties of harakeke 
having a preference for wet feet (Johnson & Brooke 1989). Together these five 
wetland plant species are a significant proportion of the plants utilised for fibre by 
Māori from within an immense natural store of plant resources.  
Included in the descendents of the coupling of Tane-oioi and Maunga are three 
bird species: oi (grey faced petrel, Petrodroma macroptera); piere (robin, 
Petroica australis) and matata (fernbird, Bowdleria punctata). The presence of 
these bird species in the whakapapa no doubt reflects the landscape of New 
Zealand at the time of early European settling (the era in which White (1887; 
1890) was documenting Māori traditions and history), which was significantly 
different from today. Matata, a well-known wetland bird, prefers habitats where it 
can shelter in amongst reed-like plant species, oi nest along headlands and islands 
less than 400m from sea level close to harbour and wetland seeps, and the piere 
can be found (although presently sparsely distributed) in coastal areas on some 
northland islands and further inland in indigenous forests. 
As mentioned earlier this whakapapa was given by H Delamare, from Te Whānau 
-a-Apanui, who also had close Tūhoe connections. In recounting the story of a 
woman who abandoned her maro kuta at a place now called Kutarere situated at 
the edge of Ohiwa Harbour (Bay of Plenty, New Zealand), Best (1914) 
additionally identifies the presence of kuta in the Tūhoe rohe. Prior to European 
settlement this rohe bordered a large wetland on its western flanks as well as 
having large tracts of indigenous forest, remnants which exist today. This wetland 
was altered in the early 1900‟s by the straightening of two prominent local rivers 
and numerous drainage canals that rid the area of surface water creating what is 
now known as the Rangitaiki Plains. It might be assumed then, that this 
whakapapa is a description of this landscape prior to settlement, one that consisted 
of contiguous coastal, estuarine, freshwater wetland and terrestrial bush 
ecosystems. 
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In addition to whakapapa, Māori have made use of the subtlety of poetry and 
song, inclusive of imagery and cryptic remarks, able to be interpreted by the tuned 
ear (Orbell 1978). Waiata play a significant part in Māori society and these depict 
many aspects of everyday life. The one waiata provided during interviews, 
beginning with the words „Ko te puru‟, not only immediately draws the listener 
into the context of the words (i.e.,, its genre) but additionally reflects in this 
instance the item of protective covering worn and recognised by the interviewee 
as being made from kuta. Significantly the recognition of the interviewee of this 
particular item of armour highlighted in the waiata and sung as tribal members 
went to war, demonstrates methods used by Māori within their communication 
structure, transferring cultural knowledge from one generation to another.  
In contemporary times, poetry is no less important or metaphorical. The poem 
written by Te Rito Maihi (2003) presents clear visual imagery of the importance 
of kuta as a weaving fibre. The graphic depiction of kuta in the environment, 
„…your dark green lengths gleam in the sunlight…..your tubular stems air-filled 
thrusting upward through the water from roots tenuously attached to the lake 
bed…‟, gives you precise information on its morphological structure. It is obvious 
from this opening verse that kuta is an attractive wetland species appealing to Toi 
Te Rito Maihi and „enticing‟ those that view its splendour, ensuring they will not 
be able to resist using it as a weaving resource. It highlights in the second verse, 
seasonal changes occurring in the varying colours of the reflective and glossy 
stem as it matures. The „…sky-yearning tips…‟ bring to mind the value placed by 
the resource users on the length and strength of the kuta that is submerged under 
the water. An important reference to the harvesting and preparation techniques of 
the kuta is made in this poem „…after harvesting – hung to dry in the 
darkness…your satin-soft strands transmute into gleaming coloured gold…‟ 
inferring kuta kept in the dark will allow the stems to metamorphose into a rich 
golden colour. The use of the metaphor „…satin-soft hands…‟ refers to the 
delicate nature of the culms that should not be mistreated if a woven article 
without imperfections in the kuta quality is required. The concluding remark, 
„…Irresistible!‟, once again emphasises the importance or mana of the plant and 
its place in a wetland habitat as visually and aesthetically pleasing and capable of 
being transformed into a weaving fibre of significant value.  
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Grey‟s (1853) manuscript transcribed by Hawira Hape is explicit in its depiction 
of the uses of kuta (kutakuta within Grey‟s text). He recognises that Grey‟s (1853) 
manuscript acknowledges important commonplace events, rituals and tikanga 
Māori used at this time. During an informal interview with Hawira Hape, he 
clarified that this passage reflects circumstances surrounding the procedure 
employed when a female looses her child during pregnancy. However Hawira 
Hape believes that this script, written by a pākehā gentleman (Grey) in times 
when Victorian etiquette did not allow for candour, endeavours to relay 
information given to him by elders without causing undue offence to others who 
might access this material once published. It is for this reason that Hawira Hape 
believes Grey (1853) was constrained from going into details when recording this 
information.  
Moss bandages, raupo, harakeke, toetoe, kutakuta, raurekau (Coprosma 
grandifolia) and other resources obtained from the natural environment 
(specifically in this case a wetland area) were commonplace materials used by 
woman of this era during their menstrual cycle (H. Hape) 
1
. Scented mosses, 
fluffy raupo seed and toetoe plumes were all prized for their absorbency (pers. 
comm. Hawira Hape 2008), while harakeke, its muka (flax fibre), raurekau and 
kuta were effective fibres for making maro (as detailed in Chapter 2, Best 1899, 
Mead 1969). Hawira Hape further reflects, from his own knowledge gathering, 
that in times of pregnancy the same fibres were used to make girdles to support 
the weight of an unborn baby, permitting increased ease and movement. In the 
concluding paragraph within Grey‟s (1853) text supplementary uses for these 
fibres include a procedure in which aborted offspring were wrapped before 
internment. The aborted offspring and its wrappings were placed in a special 
arrangement (not detailed by Grey: 1853) within a waterway as an offering to the 
atua (gods). Thereafter the matekite (diviner) was able to read the natural 
environment for signs of recognition and acknowledgment pertinent to the 
occasion and community. 
                                                 
1
 The menstrual cycle of a woman is a life cycle process recognised by Māori as significant in their 
community, respected and honoured as such within customs and tikanga, but not discussed further 
in this thesis. 
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3.5 Conclusion 
Over many thousands of years in most countries of the world, indigenous peoples 
have accumulated traditional ecological knowledge combining personal and 
community experiences of the past and present and passing on that practical 
knowledge and advice to each successive generation. In this research involving 
formal and informal discussions with expert weavers as well as a search of 
published works, it has become apparent that although kuta today has a reduced 
everyday use, there is still a living repository among some Māori, especially 
weavers, of TEK relating to this plant.  
Prior to European settlement there was no written language in Māori society. 
Many different ways were therefore devised to record information in song, 
proverbs, genealogies and the visual arts and then to transmit that knowledge from 
one generation to the next. These abilities were demonstrated during interviews 
with members of hapū living in the Northern and Bay of Plenty regions of New 
Zealand. Waiata, whakapapa and poetry compiled during the course of this 
research reflect the importance of kuta in these areas.  
Although interviewees expressed concern that many traditions, methods and oral 
language pertaining to the harvest and preparation of kuta has been lost with the 
passing of their elders, there is sufficient evidence that the remaining knowledge 
holds relevant instruction. Nabhan (2000) suggests the inclusion of biological 
information embedded within traditional text provides insight and links not only 
for conservation biology but for practical uses of natural resources. In the case of 
kuta, most written and oral communications pertained to either its ecology or 
utilisation and less specifically for the conservation of the plant itself. It was not 
clear from interviews whether kuta possessed a natural ability to sustain itself or 
because traditionally utilised sites were usually in deep water and less affected by 
the changes at the lake margins. However, the necessity for strong sustainability 
measures was repeatedly articulated by all participants. These included temporal 
restrictions in the time of harvesting which was limited to areas that had produced 
enough new seasons‟ growth, yet able to sustain future yields. These traditionally 
harvested sites where the plant was growing in deep water produced the length, 
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diameter and strength in the kuta stem that is sought after for weaving, 
consequently these sites were held in high regard. 
Comments from one participant implied that there should be other genealogical 
whakapapa pertaining to kuta held within the Māori communities, because of the 
mana and regard held for this fibre. The connections demonstrated by the 
whakapapa between the flora and fauna within similar habitats further supports 
the theories of Roberts et al. (2004) who suggest that whakapapa not only seeks to 
explain descent from a common ancestor but also provide information on the 
morphological resemblances between plants and the ecological relationships each 
may have with one another. Accordingly we can conclude that this whakapapa 
from the coupling of Tane-oioi and Maunga describes a „whānau‟ or lineage 
embodying all aspects of the contiguous coastal-wetland-bush ecosystem. The 
understandings demonstrated in this whakapapa support the statement made by 
Haami and Roberts (2002) that such whakapapa are equivalent in ecosystem terms 
to descriptions used in western science.  
The strongest message received from contributors to this research was the 
overwhelming sadness, loss and separation felt with the reduced ability for 
potential users of the fibre to access traditional harvesting sites. These sites have 
either been drained and no longer exist or divided so that land adjacent to the plant 
population is held in individual title so that pathways to sites are no longer 
accessible, or are used for purposes (i.e.,, recreational activities) that clash with 
customary use, or the plants have been damaged or removed altogether by lake 
users. Each of these scenarios reflects changes taking place in New Zealand 
society, which with an increasing population is not always able to be mitigated. 
Consequently not only will kuta harvesters need to travel longer distances to 
access the plant but they will likely be intruding into sites that have been 
traditionally harvested by others. This is particularly relevant for hapū no longer 
having local sites available, impacting greatly on their ability to continue to 
provide a valuable fibre resource. Hence the importance of protecting and 
shielding existing plantations from further damage.  
Discovery of Grey‟s 1853 manuscript describing common-place tikanga and 
ceremony involving the use of kuta was significant in adding to the knowledge 
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and respect held by Māori for their natural environment. Implied within the 
manuscript are implications of cosmology, whakapapa and mauri, indicative of 
the interconnectedness that enable Māori to link their physical and spiritual selves. 
The use of kuta in this manner strengthens the belief held by users of the fibre, 
that kuta was a natural resource utilised successfully but in ways not always 
acknowledged or detailed by orators or authors. 
It is clear from the research contained within in this chapter that use of kuta within 
a cultural context is still practised and valued. Reduced access and ideal sites for 
kuta swards is a concern which could be remedied if culturally appropriate 
restoration techniques and methodologies are developed and applied. Chapters 
four and five will outline research on seed germination and growth trials to 
establish effective restoration methodologies for this culturally important wetland 
sedge.  
3.6 References 
Allan HH 1985. Flora of New Zealand. Indigenous tracheophyta: Psilopsida, 
Lycopsida, Filicopsida, Gymnospermae, Dicotyledones. Wellington, N.Z, 
Government Printer. 
Berkes F 1999. Sacred ecology: Traditional ecological knowledge and resource 
management. Philadelphia, USA, Taylor and Francis. 
Berkes F, Colding J, Folke C 2000. Rediscovery of traditional ecological 
knowledge as adaptive management. Ecological Applications 10(5): 1251-
1262. 
Best E 1899. The art of the Whare Pora: notes on the clothing of the ancient 
Maori, their knowledge of preparing, dyeing and weaving various fibres, 
together with some account of dress and ornaments and the ancient 
ceremonies and superstitions of the Whare Pora. Transactions of the New 
Zealand Institute 31: 625-658. 
Best E 1906. Māori eschatology: the whare pōtae (house of mourning) and its 
lore: being a description of many customs, beliefs, superstitions, rites, etc. 
pertaining to death and burial among the Māori people, as also some 
account of native belief in a spiritual world. Transactions of the New 
Zealand Institute 38: 147-239. 
Best E 1907. Māori forest lore: being some account of native lore and woodcraft, 
as also of many myths, rites, customs and superstitions connected with the 
flora and fauna of the Tuhoe and Urewera district. Part 1. Auckland, 
Auckland Institute. 
 66 
Best E 1909. Māori forest lore: Part III. The lore of the Whare Mātā - The art of 
the Fowler. Transactions of the New Zealand Institute 42: 433-481. 
Best E 1914. Tuhoe, the children of the mist. III. continued. The Journal of the 
Polynesian Society 23(91): 159-172  
Broughton R 1984. Hapa and Whati. In: Mead SM ed. Customary concepts of the 
Maori: a source book for Maori studies students. Wellington, N.Z, 
Department of Maori Studies.  
Brown D, Ellis N eds. 2007. Te Puna: Māori art from Te Tai Tokerau Northland. 
Auckland, N.Z., Reed. 
Campbell NA, Reece JB, Mitchell LG 1999. Biology. 5 ed. Menlo Park, 
California, Benjamin Cummings. 
Given DR, Harris W 1994. Techniques and methods of ethnobotany: as an aid to 
the study, evaluation, conservation and sustainable use of biodiversity. 
London, Commonwealth Secretariat. 
Grey G 1853. Ko nga moteatea, me nga hakirara o nga Māori: he mea kohikohi 
mai. Christchurch N.Z., Kiwi Publishers. 
Haami B, Roberts M 2002. Genealogy as taxonomy. International Social Science 
Journal 54(173): 403-412. 
Henare M 2001. Tapu, mana, mauri, hau, wairua: A Māori philosophy of vitalism 
and cosmos. In: Grim JA ed. Indigenous traditions and ecology: the 
interbeing of cosmology and community. Harvard University Press, USA.  
Huntington HP 2000. Using traditional ecological knowledge in science: methods 
and applications. Ecological Applications 10(5): 1270-1274. 
Huntington HP, Mymrin NI 1996. Traditional ecological knowledge of Beluga 
whales: An indigenous knowledge pilot project in the Chukchi and 
northern Bering Seas. Proceedings of the Inuit Circumpolar Conference, 
Anchorage, Alaska. Pp. 88. 
IUCN Inter-commission task force on indigenous peoples 1997. Indigenous 
peoples and sustainability: cases and actions. Utrecht, International Books. 
Johnson PN, Brooke P 1989. Wetland plants in New Zealand. Wellington, N.Z, 
DSIR Publishing. 
Mead SM 1969. Traditional Maori clothing: a study of technological and 
functional change 1927. Wellington, Auckland Reed. 
Metge J 1995. New growth from old: the whānau in the modern world. 
Wellington, Victoria University Press. 
 67 
Moller H, Berkes F, Lyver POB, Kislalioglu M 2004. Combining science and 
traditional ecological knowledge monitoring populations for co-
management. Ecology and Science 9(3):  
Moon G 1979. Birds around us: New Zealand birds, their habits and habitats. 
Heinemann. 
Nabhan GP 2000. Interspecific relationships affecting endangered species 
recognized by O'Odham and Comcaac cultures. Ecological Applications 
10(5): 1288-1295. 
Neuman WL 2006. Social research methods: Qualitative and quantitative 
approaches. 6 ed. Boston, Allyn and Bacon. 
Orbell MR 1978. Maori poetry: an introductory anthology. Auckland, Heinemann 
Educational. 
Orbell MR, Moon G 1996. The natural world of the Māori. Revised ed. Auckland, 
N.Z, David Bateman. 
Parlee B, Berkes F 2006. Indigenous knowledge of ecological variability and 
commons management: a case study on berry harvesting from Northern 
Canada. Human Ecology 34(4): 515- 528. 
Roberts M, Haami B, Benton R, Satterfield T, Finucane ML, Henare M, Henare 
M 2004. Whakapapa as a Māori mental construct: Some implications for 
the debate over genetic modification of organisms. The Contemporary 
Pacific 16(1): 1-28. 
Royal CT 1992. Te haurapa: an introduction to researching tribal histories and 
traditions. Wellington, Bridget Williams Books and Historical Branch 
Department of Internal Affairs. 
Shirres MPW 1997. Te Tangata: the human person. Auckland, N.Z, Accent 
Publications. 
Simpson P 2000. Dancing leaves: The story of New Zealand's cabbage tree, tī 
kōuka. Christchurch, Canterbury University Press. 
Smith LT 1999. Decolonizing methodologies: research and indigenous peoples. 
London, Zed Books ; Dunedin: University of Otago Press. 
Smith SG 1995. New combinations in North American Schoenoplectus, 
Bolboschoenus, Isolepis and Trichophorum (Cyperaceae). Novon 5(1): 97-
102. 
Te Rito Maihi T 2003. Whakaaro aroha. Kaikohe, Toi Te Rito Maihi. 
Te Rito Maihi T, Lander M 2005. He kete he kōrero - Every kete has a story. 
Auckland N.Z, Reed. 
 68 
Walker R 1990. Ka whawhai tonu matou: Struggle without end. Auckland, 
Penguin. 
Wehi P 2005. Harakeke (Phormium tenax) ecology and historical management by 
Māori: The changing landscape. Unpublished Doctorate thesis, The 
University of Waikato, Hamilton. 
Wehi PM 2009. Indigenous ancestral sayings contribute to modern conservation 
partnerships: examples using Phormium tenax. Ecological Applications 
19: 267–275. 
White J 1887. The ancient history of the Māori, his mythology and traditions: 
Horo-uta or Taki-Tumu migration. Wellington, Government Printer. 
White J 1890. The ancient history of the Māori, his mythology and traditions: Tai-
Nui. Wellington, Government Printer. 
Williams HW 1992. A dictionary of the Maori language. 7th ed. Wellington, N.Z, 
Legislation Direct. 
 
 
 
 69 
Chapter 4 
GERMINATION POTENTIAL OF ELEOCHARIS 
SPHACELATA: SEEDS AND SEED-BANKS 
4.1 Introduction 
The evolution of New Zealand‟s flora and fauna in geographical isolation 
produced many endemic species including those confined to wetland habitats 
(obligate) or species occurring in wetland and dryland environments (facultative). 
However continued human impacts have damaged and degraded New Zealand‟s 
native ecosystems, in particular lowland wetlands, through altered land use and 
intensification, purposeful introductions, biosecurity invasions and climate 
change. Practical methodologies to aid ecological mitigation are needed for 
remaining wetland areas although fragmented landscapes have reduced gene pools 
which can hinder restoration attempts (Kettenring & Galatowitsch 2007b).   
Rowarth (2007) reviewed two decades of research on native seed germination and 
established that information on requirements of individual species and their 
ecology was lacking and information on optimal harvest, storage and germination 
techniques incomplete. The review also highlighted that studies of New Zealand‟s 
native flora have so far centred on woody tree and shrub varieties and are 
deficient in herbaceous species (Rowarth et al. 2007). Internationally seed 
germination trials and research of wetland species is ongoing, with significant 
work having been completed on the Carex genus (Kettenring & Galatowitsch 
2007a). Accessible information on further species germination techniques would 
assist restoration practitioners. Seed germination research would additionally 
support the preservation of genetic diversity (Kettenring & Galatowitsch 2007b) 
and continued integrity of local provenance can be sustained.  
Clonal development is however the common spreading mechanism for wetland 
vegetation, with propagation of seed of secondary importance (Frankland et al. 
1987). Clonal rhizome growth is visually evident in E. sphacelata plantations 
however occasional seedlings are observed in shallow water (Bell 2000; MM 
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Kapa pers. obs. 2007; Ross Gregory pers. comm. 2008). This lack of 
comprehensive juvenile growth data leads to an assumption that rhizome 
expansion and not germination of the seed is the central mechanism for E. 
sphacelata population development. 
Clonal vegetative propagules are commonly utilised for plant transfer because E. 
sphacelata is a difficult seed to germinate. However when harvesting large 
amounts of heavy sod, older rhizome sections and fibrous roots become entangled 
with the smaller delicate growth tips. In addition to the destruction of existing 
populations, the propagules retrieved may not be genetically distinct from each 
other and issues of genetic instability within establishment sites may arise (Falk et 
al. 2001). Eco-sourced seed and subsequent germination success within a nursery 
situation however increases genetic stability, allows the retention of local 
provenance and the ability for regional plant attributes to flourish (McKay et al. 
2005). 
The capacity for nursery practitioners to increase E. sphacelata germination rates 
is limited by lack of relevant research. Preliminary research into seed production 
for E. sphacelata has been investigated by Bell (2000) who noted that the fruits 
(referred to as seeds within this thesis) have distinctive hypogynous bristles, 
longer than the nut and barbs with retrorse teeth (Plate 4.1) (Johnson & Brooke 
1989). As mature individual seeds fall off the main rachis, complete with the 
glumes, a concave scar remains. Bell (2000) used the indented scar to count 
potential seed production of an inflorescence in four co-existing Eleocharis 
species and found that although temporal and spatial variations occurred, on 
average E. sphacelata produced 75.7 seeds per inflorescence.  
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Plate 4. 1 Eleocharis sphacelata seed complete with hypogynous bristles, longer than the nut, 
with barbs and retrorse teeth. Photo Barry O’Brien 
Seeds buried in wetland sediment by insects, birds, browsing mammals, 
percolation of rainwater and movement of surface waters are assembled from 
local and introduced seed. The persistence of seed in the seed-bank, its frequency, 
viability, numbers, species, community and ecology are important considerations 
for specific ecosystems and future restoration potential (Fenner 1995). Scientists, 
environmentalists and gardeners alike recognise the reserve of dormant seed in the 
seed-bank with research validating the use of seed-banks as an effective 
restoration management strategy (Leck & Schutz 2005). Seed-bank reserves have 
the ability to respond immediately when favourable changes in habitat occur and 
have the potential to be used in restoration and reclamation projects. 
4.1.1 Seed germination  
For germination of seed to occur the embryo needs to have access to water, light, 
temperature variation and aeration without the constraints of a seed coat (Crocker 
1907). How the seed coat is broken down effectively ending its dormancy is 
complex and even within a single genus, seed dormancy and germination can 
differ (Kettenring & Galatowitsch 2007a). Natural germination of seed is induced 
by favourable environmental and ecological conditions and the understanding of 
the triggers that break dormancy are crucial to learning a species life history. In 
order to achieve germination in a nursery situation however specific treatments 
may be required to break dormancy.  
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Germination of seed after ingestion and dispersal by animals is important for 
some plants, with possible faunal/floral species interactions playing an integral 
part in the evolution of some aquatic plants (Traveset 1998). Distribution of E. 
sphacelata over New Zealand, Australia and Papa New Guinea (Johnson & 
Brooke 1989) suggest migratory birds as a dispersal mechanism either by 
epizoochory (attached to bird feet and feathers), or endozoochory (through 
digestive tracts, Powers et al. 1978), with distribution possible if the methods of 
„pick up‟, „transportation‟ and „deposition‟ are successful (Bell 2000). The bristles 
and barbs present on E. sphacelata (Plate 4.1) provide an effective mechanism for 
far reaching dispersal through epizoochory by local waterfowl. 
Studies on the influences of birds on herbaceous and aquatic plant species are rare 
(Traveset 1998), but research available on shrub and trees species indicate that 
birds play a significant part in their germination (Traveset et al. 2001). Frugivory 
and endozoochory have the capacity to modify germination by a combination of 
abrasion and digestive juices in the bird gut, which may prepare the seed before 
entering into the environment, successfully increasing germination potential 
(Traveset 1998). The abrasive nature of the digestive passage enhances the 
receptiveness of seeds to water and gases once expelled, but can equally reduce 
seed germination rates by reducing the amount of viable seeds (Traveset 1998). 
Endozoochory of E. sphacelata has been investigated by Bell (2000) using Khaki 
Campbell ducks to determine if emergent seed from the digestive tract is 
germinable. Bell (2000) established that E. sphacelata seed was 57-80% more 
likely to germinate after passing through the ducks digestive tract. Barnea & 
Friedman (1991) found that for some plant species the longer its seed stayed in the 
avian digestive tract the greater the permeability and increased rate of 
germination. Germination rates of the aquatic plant Potamogeton pectinatus (sago 
pondweed) after ingestion by mallard duck (Anas platyrhynchos), mechanical 
scarification and acid treatment was positively altered by seed ingested by the 
ducks and to a lesser degree surface scarification (Santamaria et al. 2002). If 
increased germination occurs after deposition from the duck digestive tract, then 
to be able to mimic this in a nursery situation would potentially increase 
germination success. Santamaria et al. (2002) used sulphuric acid as a physical 
simulation of treatment of seed in the gut. Additionally rubbing sandpaper gently 
over seeds to damage the hard outer seed coat is a treatment conventionally used 
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by nurseries (Ralph 1997) and may mimic the abrasive grinding effect in the 
gizzard of water fowl.  
Methods used by Bell (2000) to determine germination, seedling recruitment and 
establishment of four Eleocharis species involved the soaking of seed in 
household bleach (50 g/l sodium hypochlorite) preceding sowing, increasing the 
percentage of seed germinated. 
Although the germination of New Zealand native seeds is hampered by the lack of 
available published research (Rowarth et al. 2007), practitioners are continually 
refining methods to increase the production of their commercial crops. Oratia 
Nursery in Auckland, New Zealand has found what they consider to be the best 
germination technique at present for E. sphacelata seed. With no pre-treatment, 
the seed is sown on top of propagation pumice at a water depth of approximately 1 
cm (Jeff McCauley pers. comm. 2007).  
Water depth is likely to be relevant to germination success of the macrophyte E. 
sphacelata as its habitat is predominantly aquatic. Studies investigating the 
responses of seed germination under differing water depths are few, but zonation 
of E. sphacelata on lake shores suggests that germination under water is common. 
Hydrophyte seeds distributed by hydrochory (water movement) within linking 
water systems need to be able to float, sink and germinate under reduced O2 
(anoxic) situations to reproduce. Work undertaken by Bell (2000) found that E. 
sphacelata floated for up to nine days and the small majority of seeds that were 
left floating after 27 days were rotted or empty.  
The aim of this chapter is to report on determining factors (treatments) that 
enhance germination rates of E. sphacelata seed. Methods include a combination 
of penetration of the seed coat and alteration of the O2 availability (by increased 
water depths). Five treatments (including a no-treatment control) to enhance seed 
germination were trialled at four water depths.  
1) Household bleach (50 g/l sodium hypochlorite)  
2) Sulphuric acid (H2SO4) to mimic the acid in the digestive tract 
3) Sandpaper for the abrasive grinding affect in the gizzard 
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4) Alternate seed raising mixture (a layer of propagation pumice on top of 
commercial seed raising mix) 
5) No treatment  
Treatments were sown at different water levels to determine optimum water depth 
for germination.  
1) Damp - the soil was kept damp at all times  
2) 5 cm - the water level above the soil was kept at 5 cm 
3) 15 cm - the water level above the soil was kept at 15 cm 
4) 30 cm - the water level above the soil was kept at 30 cm 
4.1.2 Seed-bank germination 
The persistence of seed in the seed-bank will determine its role and rejuvenation 
of a species within its natural ecosystem (Fenner 1995). Persistent and large seed-
banks (with seed species held over more than a single year) are said to be 
widespread in communities that are consistently exposed to altering 
environmental circumstances (Fenner 1995). Wetlands in this regard are reliant on 
the seeds stored in the seed-bank to rejuvenate and regenerate plant species under 
fluctuating light, water, chemical and temperature regimes, although little research 
has looked at this role (Brock et al. 1994).  
Ecological estimates of population rejuvenation from the seed-bank can be 
measured using the top 2-5 cm of soil in undisturbed sites (Fenner 1995). The 
majority of seeds in the seed-bank are germinable within this segment of 
substrate, with a rapid decline in germinable seed under increased depth (Fenner 
1995). 
As progressively more wetland restoration includes existing or imported seed-
banks (Vivian-Smith 1997) the incorporation and use of seed-banks may be of 
benefit to practitioners requiring a genetically varied seed source. Seedlings of E. 
sphacelata observed in the natural environment are not common but numbers of 
seed held in storage in a seed-bank was found to be 208 m
-2
 and seed viability 
estimated to be <100 years (Bell 2000; Bell & Clarke 2004). If the seed retains its 
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viability and germination potential within the seed-bank then it may be a valuable 
seed source.  
The second aim of this chapter is to determine if the seed-bank is a viable source 
of E. sphacelata seed to augment existing populations. It is hypothesised, because 
of lack of in situ observations of seedlings, that germination rates from the seed-
bank are low. 
4.2 Materials and Methods 
4.2.1 Seed germination  
Seed germination trials were established at Te Ngahere Nursery, Wainui in the 
Eastern Bay of Plenty, New Zealand (NZMS260 W15 424 677, altitude 76 m). 
Two sets of germination trials (experimental design Table 4.1) were undertaken, 
the first using seed that had been harvested January 2007 (subsequently referred to 
as stored seed) and the second using seed harvested January 2008 (subsequently 
referred to as fresh seed). Stored seed was collected by a commercial operator and 
kept at room temperature for 10 months until the commencement of the stored 
seed trial. Fresh seed was harvested from Rotopotaka (detailed in chapter 5), a 
permanent palustrine wetland, where E. sphacelata is the dominant herbaceous 
wetland species. Once chaff and debris were winnowed out, the seeds were kept at 
room temperature for one month until the commencement of the fresh seed trial. 
Stored and fresh seed trials were set up using the same methodology and 
treatments but at different times of the year, November 2007 and February 2008 
respectively. Viability was determined visually and all firm, plump and light 
brown seed was utilised.  
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Table 4. 1 Experimental design for germination trials in shade-house. Fresh and stored seeds 
were subjected to five treatments (including a control of no treatment). Fresh seed, stored 
seed and seed-bank material was then subjected to four different water depths (each with 
three replicates). 
 Treatment type Water depth Replicate number 
Fresh seed 1. Household Bleach Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth  
 2. Sulphuric Acid Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
 3. Sandpaper Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
 4.Alternate medium Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
 5. Control Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
Stored seed 1. Household Bleach Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
 2. Sulphuric Acid Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
 3. Sandpaper Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
 4.Alternate medium Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
 5. Control Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
Seed-bank None Damp soil 
5 cm deep  
15 cm deep 
30 cm deep 
3 at each water depth 
Commercial seed raising mix was left to soak overnight and floating bark and 
larger pieces discarded. The wetted soil was placed in the bottom of specially 
prepared containers (4.2.1.2). Seed, in lots of 100 per replicate, (experimental 
design, Table 4.1) were treated (4.2.1.1) and placed on the surface of the soil. 
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Apart from the alternate medium treatment, seed raising mix sieved to 2 mm, was 
sprinkled overtop. 
Once sown, and appropriate water levels attained (4.2.1.2), containers were kept 
in a shade house (Plate 4.2), and became part of the coordinated water sprinkling 
rotation the nursery employed until trial was complete (end October 2008). 
Rotation of most containers occurred throughout the trial although the large 20 L 
containers were heavy and impractical to move and remained in the same position 
for the trial duration. 
4.2.1.1 Seed Treatments 
1. Household Bleach - Seed was soaked overnight (11-15 hours) in household 
bleach (Janola - NaOCl sodium hypochlorite 4.2% solution (42g/L)) then rinsed 
with cold water before sowing (Bell 2000). 
2. Sulphuric acid - Seed was soaked in sulphuric acid (95% 1M H2SO4aq) for 
seven minutes, immediately neutralized with a bicarbonate soda paste until 
reaction complete, then rinsed until clear with cold water (Santamaria et al. 2002). 
3. Sandpaper - Seed was scarified by rubbing between two sheets of fine grade 
(200) sandpaper for a short period of time (Ralph 1997). 
4. Alternate medium - Pots were prepared with a 3 cm layer of seed raising mix 
and a further 1 cm layer of propagation pumice to provide an alternate seed 
raising medium. Seed was placed on top of pumice (pers. comm. J. McCauley 
2007).  
5. No treatment - The control seed was shaken in a bottle of water to aid in the 
„sinking‟ of the seed (Bell 2000). 
4.2.1.2 Water levels 
Modification of pots enabled consistent water levels. Large 20 L containers were 
cut to a height of 34 cm, once soil was placed inside water height remained at 30 
cm. Holes (1 cm diameter) were drilled into four sides of 5 L containers at a 
height of 19 cm or 9 cm so that water levels remained at 15 cm and 5 cm 
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respectively after the soil was placed inside. Smaller 4 L pots had holes drilled on 
four sides at a height of 2 cm so that soil would remain damp. Water was slowly 
added after seed sowing, ensuring minimal disturbance, then containers placed 
randomly in shade house (Plate 4.2).  
 
Plate 4. 2 Pots were placed randomly in shade-house for seed germination trial. 
4.2.2 Seed-bank germination  
Seed-bank material was collected from a 5 m x 2 m area (5 cm depth) from 
Rotopotaka during November 2007. Sediment samples were placed in a single 
bucket for transportation and homogenised so that seed was distributed evenly 
throughout. Old plant, rhizome and debris were removed from sediment and 
discarded. Less than 24 hours after extraction seed-bank sediment was placed in 
the prepared containers and subjected to the defined water levels (4.2.1.2) then 
placed in the shade house for the duration of the research (Plate 4.2).  
4.2.3 Data analysis and statistics  
Significant differences between fresh and stored seed under the different 
treatments and water levels were performed using Chi-square test (p<0.05) within 
Microsoft Excel 2003. All graphs of seed and seed-bank germination results 
presented were produced using Statistica 8 (StatSoft 2007). 
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4.3 Results 
4.3.1 Seed germination 
Percolation of seed raising mix occurred at trial commencement when water was 
added to the pots and many of the seeds were displaced from beneath the fine 
layer of seed raising mix to the top of the sediment. Pots with shallower water 
levels (damp and 5 cm) were additionally influenced by subsequent percolation 
from the watering regime and intermittent rain. Germination of seed was more 
likely to occur when not covered by soil.  
Once germination occurred, seeds would anchor in the sediment, establish and 
mature. Some germinated seed that floated or partially anchored had less success 
with further growth. Seed that had anchored successfully during April to June 
wintered under water then continued to grow in the increased sunlight and 
temperatures of spring. Some seedlings under 15 cm and 30 cm of water however 
showed no sign of increased culm length after initial growth during April to June 
and displayed reduced vitality by trial completion.  
First records of fresh seed germination occurred five weeks after sowing. 
Germination rates (percent) of total seed germination (1200 seeds sown per 
treatment) during the 11 month trial were limited (Table 4.2, Figure 4.1). 
Excluding the fresh bleached seeds, germination rates were <5% (Table 4.2, 
Figure 4.2). Germination rates of fresh treated seed were greater than stored seed 
and statistically significant at p<0.01 (Figure 4.3). Reduced germination rates 
were recorded in July, six seeds germinated over all water depths and treatments 
during this period (Figure 4.1). Germination of seed under 5 cm, 15 cm and 30 cm 
water depths increased notably in October (Figure 4.1) and it is anticipated that 
further increases in germination rates would have occurred in the following 
months had the trial continued, however time constraints prevented this. 
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Table 4.2 Germination rates (percent) of total fresh and stored E. sphacelata seed within 
each treatment (n=1200 per treatment per seed type). 
 No 
treatment 
Bleach Sulphuric 
acid 
Sandpaper Alternative seed 
raising mix 
Fresh seed 
germination (%) 
2.42 20.67 3.50 3.50 1.33 
Stored seed 
germination (%) 
0.58 1.25 0.50 1.25 1.42 
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Figure 4.1 Total cumulative percent of E. sphacelata germination in each water level over the 
11 month trial period (n=1500 per water depth per seed type). 
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Figure 4.2 E. sphacelata seed germination: five treatments; four water levels; two seed types 
(n=300 per water depth, treatment and seed type). 
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Figure 4.3 Total fresh and stored E. sphacelata seed germination percents under four water 
depths (n=1500 per water depth and seed type). 
4.3.1.1 Fresh seed 
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After an initial germination flush of fresh seed sown under damp conditions in 
April (25, 1.67%) increases were gradual until a further increase of 12 
germinations (total of 3.80%) in September (Figure 4.1). Germination of fresh 
seed under 5 cm of water were slower, with the first 12 germinations (0.80%) 
recorded in April, increasing steadily until a major increase in September (22) 
further increasing in germination count by 86 (a total of 9.47%) in October 
(Figure 4.1). Total fresh seed germination successes under 15 cm of water were 
similar to that of seed under 5 cm of water, however initial germinations under 
this water depth were less (5 in April, 0.33%) and increases of the total were 
minor until August and September (5 and 7 respectively), culminating with an 
increase of 114 germinations (to a total of 9.33%) in October. Thirty one 
germinations (total of 2.6%) of fresh seed occurred in October under 30 cm of 
water after few recorded seed germinations in the months preceding (Figure 4.1).  
Fresh seed treated with bleach was significantly different (p<0.05) and 
outperformed all other treatments with germination totals almost six times greater 
than the next most successful, the sulphuric acid and sandpaper treatments (Table 
4.2).  
Germination potential of fresh seed is further profiled by water depth in Figure 
4.2. Although the fresh bleached seeds under damp conditions had 48 seeds 
germinate (4.0%), the seed under 5 and 15 cm of water produced increases in 
germination of 86 (total of 7.17%) and 90 (total of 7.50%) respectively. The depth 
of water producing the highest germination rates varied between the two 
treatments (Figure 4.2). As previously indicated, the overall germination of fresh 
seed treated with sulphuric acid and sandpaper were the same and next most 
successful (Table 4.2). Of these two treatments the sulphuric acid treated seed 
produced the highest germination rate under 15 cm of water (18 = 1.5%) and seed 
treated by sandpaper had greater germination success under 5 cm of water (24 = 
2.00%). The untreated seed had no germination under damp conditions, increased 
germination potential under 5 cm of water (16 = 1.33%), and reduced potential 
under 15 cm and 30 cm water levels (10 = 0.83% and 3 = 0.25% respectively). 
The alternate seed raising mix revealed no definitive water level producing 
increased germination potential, although germination under the damp and 15 cm 
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water levels (5 = 0.42% and 6 = 0.50% respectively) achieved improved results 
(Figure 4.2).  
Fresh seed responded positively to increased water depths, demonstrating 
germination potential under the 5 cm and 15 cm water depths (9.46% and 9.33% 
respectively) 2.5 times (3.80%) greater than fresh seed under damp conditions and 
3.6 times (2.6%) greater than under 30 cm of water (Figure 4.3). Germination of 
fresh seed under 30 cm of water is significantly reduced (p<0.05) compared all 
other water depths.  
4.3.1.2 Stored seed 
Stored E. sphacelata seed germination rates were low and inconsistent throughout 
the trial (Figure 4.1), culminating in similar germination totals for seeds under 
damp, 5 cm and 15 cm conditions, 19 (1.27%), 18 (1.20%) and 19 (1.27%) 
respectively (Figure 4.1, 4.3). Despite the two germinations in July (under the 
damp and 5 cm water conditions) it appears that from July to September there is a 
period of reduced germination potential for stored seed. October bought an 
increase in germination for seed under 5 cm, 15 cm and 30 cm of water (Figure 
4.1).  
Treated stored seed had no significant difference between treatments (p>0.05) and 
<2% germination throughout the trial period (Table 4.2). Stored seeds that were 
treated with sulphuric acid had the least germination potential (0.50%). Stored 
seed subjected to the bleach (1.25%), sandpaper (1.25%) and alternate seed 
raising mix (1.42%) treatments displayed increased germination potential, 
although none equalled germination successes of fresh seed (Table 4.2).  
Germination potential of treated stored seed is further analysed by water depth in 
Figure 4.2. The alternate seed raising mix provided increased germination rates 
under 15 cm of water, although results over all treatments were low. Stored seed 
displayed no significant difference in water depth preference (Figure 4.3). 
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4.3.2 Seed-bank germination 
Few E. sphacelata seeds germinated from the seed-bank (Figure 4.4). The first 
seeds to germinate under damp conditions were recorded in March 2008 (three) 
16 weeks after trial commencement and increased to 14 by June 2008. Two seeds 
germinated under 30 cm of water in March, increased to three in April and then to 
a total of four in August, with no further germination recorded thereafter. The 
germination trial of the seed-bank was dominated by Myriophyllum propinquum, 
Baumea articulata and Juncus articulatus, germinating throughout the warmer 
months of the trial.  
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Figure 4. 4 Total cumulative number of E. sphacelata seed germinating from the seed-bank 
over the 11 month trial period, no germination was recorded under 5 cm and 15 cm of water. 
4.4 Discussion 
Conserving plant genetic diversity requires an ability to promote various 
phenotypes displayed within a species and knowledge of the genetic makeup of 
populations is imperative. Although restoration genetics was not researched, the 
ability to establish new populations of E. sphacelata, naturally dependent on the 
ecological structure of local site (i.e., is there the required habitat and space 
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available for germination and subsequent juvenile to adult growth, as indicated by 
factors such as light availability, sediment exposure to warmth and water), were 
experimentally researched. 
4.4.1 Seed germination  
Results determined that enhanced germination of E. sphacelata seed may be 
achieved under certain conditions. Three observations are presented: (1) fresh 
seed increases germination potential of E. sphacelata; (2) water depth is important 
for increased germination of E. sphacelata; and (3) fresh E. sphacelata seed 
responds positively to a pre-treatment of bleach. 
New Zealand native species have the predisposition for increased germination 
from seed sown from the current years crop (Spellerberg & Given 2004). In this 
trial fresh seed was the first to germinate, producing initial primary shoot systems 
and coleoptile sheaths, after five weeks, stored seed took almost 16 weeks. This 
delay period may indicate some state of dormancy being induced by storing seed 
longer than its maturing season, paralleling the statement by Frankland et al. 
(1987) that aquatic plants rapidly lose their viability in the absence of water. 
Collection of seed from ripe seed heads within an established population, sowing 
and early germination of fresh seed in this trial confirms the work done by Shipley 
& Parent (1991) who found germination success of wetland species capable of 
setting seed in one growing season having shorter lag times and increased 
germination rates. But these results contradict earlier research that newly 
harvested seed from established plants of Eleocharis coloradoensis would not 
germinate (Yeo & Dow 1978). 
Individual wetland hydrology determined by seasonal fluctuations can vary 
spatially and temporally influencing plant species population, distribution, 
germination and establishment potential (Leck & Brock 2000). Rooted 
hydrophyte species subjected to low oxygen concentrations, have adaptations 
essential to germination, species survival and establishment (Frankland et al. 
1987). Drawdown and flooding are crucial in terms of germination potential of 
many wetland species (Leck & Schutz 2005; Leck & Brock 2000) and in this 
research the effect of water levels together with treatment of seed were 
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investigated. It is clear from literature previously cited that adult E. sphacelata 
respond to deeper water with increased culm length and diameter. Additionally 
results from these trials suggest that water levels play a role in the germination 
potential of fresh E. sphacelata seed with increased germination recorded under 
damp, 5 cm and 15 cm water depths. Studies by Bell (2000; 2004) also 
determined that seeds under deep water with prolonged submergence resulted in 
greater germination percentages.  
Increased fresh E. sphacelata seed germination rates in these trials were evident 
after a pre-treatment of bleach, corresponding with previous work by Bell (2000). 
Damp fresh bleached seeds were the first to germinate in April however 
germination rates by the following June were reduced, with none in July or 
October. Alternatively, germination of fresh bleached seed under 5 cm and 15 cm 
of water had little success until August and marked increases in October. A bell 
curve, displaying continued increasing germination potential then reduction, is 
expected had the trial continued. Assumptions are that the germination of fresh 
bleached seed under damp conditions, occurring in the later months of summer, 
made use of the remaining period of warmth whereas seed under the 5 cm, 15 cm 
and 30 cm water depths did not germinate until temperatures increased after 
winter. In situ seasonal rains from April would place germinated seeds under 
water, increasing length and diameter of the new culms under graduated water 
depths. Remaining seeds over wintering under water are present when sediment 
temperature rises in spring, utilising favourable ecological conditions to 
germinate. Bell (2000; 2004) similarly found that E. sphacelata seed sown in 
Autumn was germinable after three months burial suggesting Spring as the 
optimum period for germination. 
Attempts to replicate endozoochory to increase germination (Bell 2000) was not 
achieved in this study. Sulphuric acid was the pre-treatment chosen to mimic the 
digestive juices following Santamaria et al.(2002). Although Bell (2000) found 
increases (up to 80%) in viability of E. sphacelata seed after feeding and 
expulsion by mallard ducks, the present research found no significant difference 
in using sulphuric acid on the stored seed or fresh seed. Additionally, the 
replication of the internal gizzard action of ducks using sandpaper was trialled in 
this study following practices commonly utilised within nursery situations to 
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penetrate the seed coat, however similar results to the sulphuric acid treatment 
were achieved, with little apparent benefit over no treatment.  
Commercial operators are continuously adapting and refining their practices to 
enhance germination and juvenile production. Increased germination in stored E. 
sphacelata seed over fresh seed was achieved using methodology recommended 
by Oratia Nursery, Auckland (Jeff McCauley pers. comm. 2007, although not at 
the recommended water depth of 1 cm), albeit 14% less successful than fresh 
bleached seed. Low germination rates obtained in this treatment compared to 
those predicted by Jeff McCauley (pers. comm. 2007) are possibly explained by 
the alternative water level used. However using this treatment in water depths of 
15 cm showed increased germination success. In addition, seed source, seed 
raising mixes, sowing techniques, container size, position and watering regimes 
(none of which were compared) can vary between commercial operators and may 
also account for reduced germination success.  
Increased light and temperature have been known to increase germination in many 
wetland plant species (Bell & Clarke 2004; Britton & Brock 1994; Frankland et 
al. 1987; Justice 1944; Romanowski 1998; Santamaria et al. 2002; Shipley & 
Parent 1991; Wongsriphuek et al. 2008). Although seed germination of E. 
sphacelata in this trial increased over time, improved successes were recorded at 
the beginning of spring leading into summer (periods of increased light and 
warmth). This trial was undertaken in a shade house situation however the seeds 
may have profited from being included in a glasshouse area allowing for 
artificially increased light and warmth. Seed pots exposed in the shade house were 
open to the elements and periods of increased rainfall temporarily increased and 
percolated water levels. Water movement dislodged seeds in the damp and 5 cm 
deep pots where the displacement of sediment covered germinated and un-
germinated seed, however the 15 cm and 30 cm deep pots were not as influenced 
by changing water levels and sediments were stable. Seed in this trial had a 
propensity to germinate when lightly covered or exposed at the sediment surface, 
although germination did occur when fully covered (differences in sediment 
coverage of individual germination were not specifically recorded). Germinated 
seed left undisturbed appeared to anchor more readily in the sediment, a situation 
more evident in the 15 cm pots, where strong maturing shoots grew.  
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Additional observations of seedlings growing under 15 cm and 30 cm of water 
that had germinated before winter showed reduced health at the completion of the 
trial. It is possible that although germination success occurred underwater, culms 
were unable achieve optimum photosynthesis at this depth. 
4.4.2 Seed-bank germination 
Seed-bank germination in this research did not reflect work either by Bell (2000; 
2004) who found E. sphacelata seed numbers held in seed-bank storage were 208 
m
-2
, or additional monocotyledon seed-bank studies that produced large 
germination rates (Bell 2000; Bell & Clarke 2004; Britton & Brock 1994; Brock 
et al. 1994; Casanova & Brock 2000; Graham & Hutchings 1988; Middleton 
2003). Deposition of E. sphacelata seed into retrieved seed-bank sediments was 
evidenced by seedling growth at the time of collection and the germinating 
seedlings, however no direct seed counts within the sediment were undertaken and 
uncertainty of the quantities of viable seed within the seed-bank remains. 
Research by Britton and Brock (1994) found that germination of material from 
wetland seed-banks in New South Wales, Australia increased in the Autumn 
months which coincides with results from this study for sediment under damp 
conditions. Germination rates were expected to have increased the following 
autumn if seed-bank material was viable.   
Increased water depth appears not to have been detrimental to seed-bank material 
with germination still occurring at 30 cm. Although result size was small, a 
suggestion of potential seed-bank reproduction capacity at this water depth is 
made and assumed to occur in the natural E. sphacelata environment.  
Seed-banks depend on the availability of parent sources and germination of 
alternative species in this study reflected the composition of adult plants available 
at this collection site.  
4.5 Conclusion  
Despite the generally low germination rates achieved, this study provides 
methodologies to stimulate the germination potential of E. sphacelata seed. 
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Results have indicated that using fresh bleached seed in rising water levels up to 
15 cm can increase germination by up to 35%.  
The low germination rates are in contrast with previous work by Bell (2000; 
2004) although additional seed development and germination potential in wetland 
species is lacking for further comparison (Rowarth et al. 2007). Although many 
seeds remained un-germinated at the trial completion despite the treatment 
prompts offered, they were not necessarily non-viable. Viability tests would 
determine the ability for germination of the stored and fresh seed used as it is 
possible that some seeds are still germinable but were not provided with the 
correct stimulant or time period during these trials. Further research on the 
viability of E. sphacelata seed is required.  
Eleocharis sphacelata seed and seed-bank germination potential displayed in 
these trials have implications on seed-bank storage in situ. Results from this study 
suggest that fresh seed released from parent inflorescences will land in sediments 
providing optimum environmental triggers to begin germination, however seed 
stored in the seed-bank will increase populations only in the event of specific 
spatial, temporal or chemical prompts (Frankland et al. 1987). Reduced seed and 
seed-bank germination rates experienced in this study, together with observations 
of E. sphacelata clonal multiplication through radial rhizome growth in situ, 
further support the theory that vegetative propagule spread is the more common 
method for population expansion. Infrequent germination events followed by 
clonal spread is likely to be a colonisation response post disturbance, or, after 
transport to new site (i.e., restoration, creation and fowl epizoochory). Genetic 
stability of new populations in re-vegetation and restoration projects may be an 
issue if fresh seed or seed-bank germination does not readily occur. Low 
germination rates obtained in the seed-bank trial may not exactly reflect what is 
occurring in the preferred habitat of E. sphacelata as other factors such as event 
stimulus potentially affected germination requirements were not investigated.  
Water depth and seasonal responses of fresh seed germination will have 
implications for management practices exploiting germination potential. This 
research has conclusively found that collection of seed at optimum ripeness and 
subsequent sowing increases germination significantly. Fresh seed was 
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approximately 30 days old when used and although dormancy was not tested it is 
assumed from the results that dormancy periods for E. sphacelata are short (some 
germination for the stored seed and irregular germination from the seed-bank 
suggest some longer dormancy occurs). Whereas seed coats are restrictive and 
require oxygen and water to penetrate before germination is possible, this study 
established that fresh bleached seed successfully germinated under increased 
water depths and anoxic oxygen depletion, perhaps aided by the breakdown of 
seedcoat by treatment, although it appears that seasonal water increases are 
important. Increasing water depth from damp up to 15 cm after initial germination 
flush in preparation of germination resumption in the following spring may 
increase overall germination rates. Further research into the optimal timing, 
dormancy and storage of E. sphacelata seed is suggested. Effectively, seasonal 
responses under changing water depths recorded in the germination experiment 
may reflect „double dipping‟ strategies of E. sphacelata seed to increase 
germination rates. If germination conditions used in commercial operations are a 
reflection of the ecological conditions preferred by a plant species (Rowarth et al. 
2007) then increasing water levels over time, as this research suggests, is the 
ecological pattern preferred by E. sphacelata.  
Accumulating data on the parental genotypes, familial relationships and 
ecosystem dynamics within E. sphacelata communities is beyond the scope of this 
chapter but it is nonetheless vital information to determine if seed germination is 
an issue for population maintenance and augmentation within an established site, 
useful for habitat restoration and may establish if seed germination is solely a 
mechanism to start novel populations. This added research would also identify the 
relatedness of distant populations and determine if they are distinct or of the same 
provenance, vital information if local provenance retention is to be maintained.  
Research at present has not identified the environmental equivalent of using 
bleach, although popular interpretation considers that the combined effects of sun 
and water on the seed may provide similar chemical reaction. In situ E. sphacelata 
seed recently released from the inflorescence has barbs and hypogynous bristles 
which retain small air pockets enabling buoyancy or attachment to potential 
carriers. It is at this time the fresh seed is exposed to the weather and elements and 
once sunk (Bell 2000 identified that E. sphacelata seed can float for up to nine 
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days) is percolated into the sediments. Observations in this trial found that 
germinated seed anchored in sediment more readily if left undisturbed, increasing 
the occurrence of continued culm growth and maturity. Healthy established E. 
sphacelata stands within wetlands are typically concentrated in warm, sheltered 
locations and observations during this research would suggest population 
establishment from floating seed would occur if surrounding sediments were left 
in an undisturbed condition.  
The effect of endozoochory in specific herbaceous species is largely unexplored 
and believed to be unpredictable (Traveset 1998), but if the use of either sulphuric 
acid or sandpaper as a means to mimic this process is correct, then the lack of 
success with these treatments infers the possibility that the water fowl interacting 
within existing E. sphacelata populations do not modify the germinability of seed 
through endozoochory, rather they may alternatively have a role as dispersal 
mechanisms by epizoochory.  
Germination success achieved during this research presents valuable information 
for the ecophysiological characteristics and germination potential of E. sphacelata 
while providing supplementary data for other wetland species. It is clear from this 
research that age of E. sphacelata seed, treatment, timing and water depth 
available for germination play an important part in the initial stages in the life of 
this wetland sedge. In chapter five the growth of juvenile plants is studied further, 
increasing knowledge of ecological processes to aid in the restoration of E. 
sphacelata.  
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Chapter 5  
JUVENILE GROWTH OF ELEOCHARIS 
SPHACELATA IN SITU 
5.1 Introduction 
Methodologies used in revegetation, restoration and creation of wetland areas are 
often scarce with regards to specific requirements of individual species. This can 
lead to poor growth and uneven or reduced success rates of transplanted juveniles, 
increasing failure percentages which result in diminished outcomes for 
revegetation and restoration projects. Autecological studies of specific species 
increase the understanding of effective establishment and juvenile requirements in 
situ (Clewell & Rieger 1997) adding to employable management strategies. 
Quantitative data of selected emergent wetland species provides critical 
knowledge for environmental management approaches in understanding and 
interpreting their limitations for water tolerances (Froend & McComb 1994).  
Wetland restoration and revegetation projects are dependent on water to enhance 
plant reproduction, creating stabilised populations but are often in jeopardy from 
inappropriate water regimes placing plants under a variety of environmental 
stresses (Sorrell et al. 2001). Adaptations of individual species determine growth 
patterns and survival rates within communities as well as sorting distribution and 
dominance patterns (Froend & McComb 1994; Kirkman & Sharitz 1993). It is the 
ability of an emergent water plant to survive water fluctuations by receiving, 
assimilating and best utilising available oxygen within anoxic circumstances that 
will ensure its long term survival. 
On occasion, when parent sources are fragmented and too distant to instigate 
natural recolonisation, deliberate revegetation of wetland plant species is a viable 
alternative during restoration of wetland areas. Nevertheless, strategies and 
techniques that have been quantitatively proven to provide successful outcomes 
are needed to form the bases of practical revegetation decisions. For example 
Yetka and Galatowitsch (1999) established that restoration of sedge meadows 
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with Carex spp. in the prairie potholes of USA relied on the timing of transplants 
and placement of the plant material in specific substrate to saturation ratios.  
Although wetland restoration techniques include using natural recolonisation 
(clonal spread is the most common mechanism for wetland vegetation, Frankland 
et al. 1987) or mechanical seeding, for some species this does not produce rapid or 
sufficient offspring and juvenile transplants may provide a faster and more 
comprehensive alternative. Fraser and Kindscher (2001) found the use of tree 
spade transplanting to be a promising restoration technique. This procedure 
enables the transfer of large amounts (60 cm diameter) of clonal material as 
opposed to smaller transfers of runners, rootstock and sod plugs. Fraser and 
Kindscher (2001) believe the transfer of herbaceous plant species reproducing 
poorly by seed but exhibiting rapid clonal growth would benefit from this transfer 
method. Fraser and Kindscher (2001) found that the subsequent early clonal 
growth of transferred Eleocharis macrostachya and Spartina pectinata occurred 
exponentially and suggested that these and other clonal species may continue this 
growth pattern for long periods of time (decades or longer).  
Eleocharis sphacelata can form dominant and monospecific swards in the littoral 
zones of shallow water wetlands throughout New Zealand, but more commonly in 
the northern North Island (Johnson & Brooke 1989). This species of Eleocharis 
accommodates the response to physiological environmental stresses by 
morphological plasticity (as discussed in chapter 2). Interim research preceding 
this study over seven monospecific E. sphacelata stands in the Bay of Plenty also 
demonstrated elongation response to submergence (Figure 5.1, unpublished data 
MM Kapa 2007) accommodating the need for photosynthesis as the stems become 
inundated (Coops et al. 1996). Plasticity of E. sphacelata is also expressed in this 
data as increases in stem diameter measured at the base and tip of the culm 
(Figure 5.1). 
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Figure 5. 1 Mean length and diameter of culm increases with the depth of water in data 
collected 2007 from seven monospecific stands of E. sphacelata in the Bay of Plenty 
(unpublished data MM Kapa 2007), with lengths ranging from 50 cm to 2.06 m in water 
depths up to 2.4 m. 
Water depth increases the potential for survival of E. sphacelata, in particular its 
ability to tolerate or adapt where other plants would not. Previous studies have 
determined adult tolerances of E. sphacelata growing with its rhizomes and roots 
buried in saturated anaerobic soils (Asaeda et al. 2006; Boon & Sorrell 1995; 
Rajapakse et al. 2006; Sorrell 1994a; Sorrell et al. 1993a; Sorrell & Tanner 2000; 
Sorrell et al. 2002; Sorrell et al. 2001). The extent and ability of E. sphacelata to 
adapt to increasing water depths (greater water depth means increased distances 
the gases must travel to provide aerobic support to rhizomes) determines its 
survival under conditions other species would find ecologically limiting. Indeed 
studies have shown that E. sphacelata thrives in deepening water (up to 3 m), 
signalling stress when no standing water is present by producing less rhizome 
bulk and short wiry culms (Asaeda et al. 2006; Sorrell et al. 2001).  
Stem elongation and adaptive responses to raised water levels has been 
documented in other wetland plant research (see for example: Braendle & 
Crawford 1987; Clevering et al. 1996; Coops et al. 1996; Dacey 1980). Research 
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established that emergent species display increased degrees of anoxia tolerance in 
extreme anoxic habitats and recognised that E. sphacelata utilises its plasticity for 
increased gas exchange (Braendle & Crawford 1987). This accommodation 
response allows persistent growth and gas exchange under changing 
environmental conditions (Kirkman & Sharitz 1993) resulting in the ability to out 
manoeuvre potential competitors in increased water depths (Coops et al. 1996).  
Although previous studies have determined the adaptive abilities of adult E. 
sphacelata, the responses of survival and growth patterns of juvenile seedlings is 
less understood and not documented. Water depth is an important consideration to 
the initial establishment of transferred plantlets, as juveniles are more vulnerable 
to change in periods of submergence and desiccation where the ability for 
photosynthesis and aeration of shoots and roots can become marginalised 
(Clevering et al. 1996). Success of juvenile transplants may be affected differently 
than established stands by water logging or water scarcity, and prolonged 
inappropriate inundation or desiccation of adolescent plants may reduce the ability 
for rhizome and shoot development causing detrimental delay and damage to 
plantlet survival, although research by Steed et al. (2002) found that some newly 
transplanted Carex species could tolerate water depth ranges of between 0 and 35 
cm.  
Not only does E. sphacelata demonstrate vertical plasticity and elongation, but 
additionally produces rhizomes with phalanx tendencies (Bell 2000) extending out 
horizontally in search of supplementary resources. Species with rhizomes 
displaying phalanx tendencies typically produce interspersed ramets with short 
rhizome internodes increasing its‟ territory by slow radial spread (Bell 2000) 
eventually producing an exclusive matrix of rhizome material. Although the 
rhizome biomass of four helophyte species measured in research by Coops et al. 
(1996) and reiterated in E. sphacelata studies by Asaeda et al. (2002) and Sorrell 
et al. (2006; 2002) decreased as water depth increased, the maximisation of 
horizontal territory of clonal rhizomes potentially out-competes prospective 
ecological rivals.  
New research pertinent to water gradient regimes (water elevations down a slope) 
is required for the successful establishment of juvenile E. sphacelata transplants. 
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Changes in water regime may not only influence establishment of new plants, but 
additionally for emergent species like E. sphacelata, may influence the plant‟s 
potential for reproduction (i.e., whether or not water depth influences flowering).  
Many studies, including Steed and DeWald (2003), found that survival of 
seedlings under research in greenhouse situations are greater than those in the 
field, even if transplanted using the same methodologies. This indicates variations 
in field conditions are very important in the success or failure of transplants in 
situ.  
Juvenile plantlets used in revegetation attempts must provide a high level of 
survival success. Comparing growth and consequent establishment trials between 
seed grown seedlings and vegetative propagules (clonal plant fragments) not only 
evaluates their establishment strategies, but potentially researches the survivorship 
of the two plantlet types. Plantlet survival is determined not only by the length of 
the culms but the ability of the rhizome and roots to survive transfer shock. 
Seedlings of E. sphacelata grown under standard nursery conditions are either 
provided in root trainers or in plastic planter bags (PB5‟s) and generally either 
have small or no rhizomes, but plenty of roots and rootlets. Alternatively 
vegetative propagation uses cuttings from the rhizome of a parent plant. The 
rhizomes of E. sphacelata are tolerant to anoxia for reasonable lengths of time and 
are more important to the long term survival of emergents because of their large 
carbohydrate reserves, however the seed grown plantlets have many roots to aid in 
immediate nutrient uptake.  
The aim of this research is to identify which plantlet transferral methodology 
provides increased survival rates of E. sphacelata when planted in situ, the 
seedlings established under nursery conditions with many roots and a small or 
non-existent rhizome, or vegetative propagules taken from an established site with 
a solid rhizome section and few roots. With the specific objective of evaluating 
the responses of E. sphacelata seedlings and rhizomatous propagules to 
transferral, this chapter investigates establishment requirements of E. sphacelata, 
with the view to determining: (1) how E. sphacelata survival in situ may be 
influenced by its location along water depth gradients; and (2) if E. sphacelata 
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seedlings grown under nursery conditions, or recently extracted vegetative 
propagules have different survival rates.  
With this information, management, revegetation and construction of wetlands 
using E. sphacelata will have added strategies and methodologies for maximum 
plant survival.  
5.2 Materials and Methods 
5.2.1 Study sites 
The effect of planting wetland sedges under alternate water regimes is important 
in determining flooding tolerances and has been researched in controlled 
experimental wetlands (see for example, Yetka & Galatowitsch 1999), but for this 
study, three wetlands that have uncontrolled fluctuating water regimes were used 
to replicate the typical variable water patterns of wetland restoration projects. 
Planting E. sphacelata in situ in such uncontrolled conditions provides real life 
circumstances and enables documentation of its establishment and maturation 
during a restoration project. Comparative growth trials were conducted in situ at 
three wetlands in the Eastern Bay of Plenty, New Zealand and described below. 
5.2.1.1 Tully Wetland 
Tully Wetland (Plate 5.1) is located between the Whakatane River and the eastern 
flank of the Whakatane graben, running parallel to Taneatua Road at an elevation 
of 15 m (NZMS260 W15 429 611). This small shallow water wetland (30 m x 16 
m) is locally sited in a basin that receives spring water from two distinct sources, 
overflowing into a receiving drain. Recently excavated and in restoration infancy 
this wetland is, at present, predominantly surrounded by pasture grasses 
interspersed with plantings of Phormium tenax, Cordyline australis, Juncus 
sarophorus, and naturalised Juncus effusus and Carex vulpinoidea. Most 
dominant of the pest plant species is Paspalum distichum, which at the beginning 
of the trial did not encroach into open water. Restoration of this wetland was 
primarily to develop an area where the landowner‟s interest of ornithology could 
be pursued. Six resident white and mallard (Anas platyrynchos) ducks were 
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recorded at trial commencement. Frogs, water boatmen and caddies flies were 
noted throughout the study period. 
 
Plate 5. 1 Elevated view of Tully Wetland, Eastern Bay of Plenty New Zealand. 
5.2.1.2 Bull Wetland 
Bull Wetland (Plate 5.2) is a remnant wetland of the once much greater Rangitaiki 
region where only 3% of the original wetland ecology remains (Environment Bay 
of Plenty 2006) and in close proximity to the Mangaone Stream Wetlands, a site 
of significance in the Whakatane District (Wildland Consultants Ltd 1996). 
Situated between Tarawera River and the Manawahe ranges on the western flank 
of the Whakatane graben (NZMS260 V15 489 378) this permanent, palustrine, 
shallow water wetland (61 m x 46 m) is locally sited in a small basin elevated at 
20 m and receives groundwater replacement from a very high water table. This 
wetland has the highest species diversity within the trial wetlands persisting from 
the seed-bank (Phormium tenax, Cordyline australis, Typha orientalis, Carex 
secta, Carex geminata, Persicaria decipiens, Juncus effusus, Leptospermum 
scoparium and Eleocharis acuta) and reflects the extent of the vegetation 
preceding pest plant infiltration and post pest plant removal. Bull Wetland is 
presently undergoing restoration in partnership with Environment Bay of Plenty, 
who fenced the perimeter and removed extensive Salix cinerea, Berberis 
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glaucocarpa, and Rubus fruticosus pest plant species. Revegetation around the 
wetland perimeter began during the course of this research. The water within the 
wetland had a thick layer of Azolla pinnata covering at time of initial planting, 
dissipating as the autumn rains began. Restoration of this area is primarily to 
improve its aesthetic value in addition to increasing its use during duck shooting 
season. A variety of birds were noted intermittently during the course of this trial 
including Phasianus colchicus, Anas spp and Rhipidura fuliginosa.  
 
Plate 5. 2 Elevated view of Bull Wetland, Eastern Bay of Plenty, New Zealand 
5.2.1.3 Antipodes Wetland  
Antipodes Wetland (Plate 5.3) is a newly created wetland, 30 km NE of Bull 
Wetland and at an elevation of 12 m (NZMS260 V15 493 394). This land was 
also part of the extensive Rangitaiki Wetland and in the last 100 years was drained 
to produce rich soils used for agriculture. Existing landowners no longer use the 
land for agriculture and have recently established a water bottling plant. In the 
months preceding trial commencement, a flat area approximately 50 m x 19 m 
was extensively contoured by the landowners, digging down to the pumice 
substrate to provide a wetland area receiving excess runoff from the adjacent 
water bottling plant. Planting of the wetland is in its first season and landowners 
have trialled a number of different species including Dacrycarpus dacrydioides, 
Dodonaea viscosa, Griselinia littoralis, Carex spp. Coprosma spp, Libertia 
peregrinan, and Phormium tenax (varietals). Caddis fly larvae and frogs were 
seen and heard during the course of this trial.  
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Plate 5. 3 Antipodes Wetland, Eastern Bay of Plenty, New Zealand 
5.2.2 Transplant materials 
5.2.2.1 Vegetative propagules 
Rhizome samples were collected from Rotopotaka in the Eastern Bay of Plenty, 
New Zealand (NZMS260 V15 409 331, plate 5.4), containing a healthy 
monospecific stand of E. sphacelata. Terminal rhizome sections with newly 
emergent culms were sectioned from established plants. Division was completed 
in Spring (November) when carbohydrate reserves of material in the rhizome are 
capable of rejuvenating quickly, forming new root systems to enhance nutrient 
uptake (Rajapakse et al. 2006). Rhizomes were rinsed in water and cut to length (4 
- 6 cm) ensuring each section had the apex, plus 2 - 7 culms present. Rhizomes for 
sedge species such as E. sphacelata have fine branching „water‟, or thicker „soil‟ 
roots attached (Sorrell 1994a). Adventitious water roots are formed during times 
of water saturation (anoxia) while the thicker soil roots form in shallow water 
(Rajapakse et al. 2006). Because rhizome sections were young there were fewer 
thick soil roots or slender water roots present. To standardise material, water roots 
longer than 5 cm and culm lengths longer than 54 cm were trimmed. To reduce 
transpiration and transfer shock the propagules were placed in a large 40 L fish 
bin containing lake water until transplanting was complete (maximum of five days 
after harvest). The age and size of propagule material was within range of what is 
normally used in revegetation by local restoration groups (Andy Garrick, 
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Wildland Consultants, pers. comm. 2007). Mean vegetative propagule sections 
transplanted had five culms, a culm length of 35 cm and culm diameter (at the 
base) of 8 mm (Plate 5.5).  
 
Plate 5. 4 Rotopotaka, Eastern Bay of Plenty, New Zealand 
 
Plate 5. 5 Vegetative propagule example used for comparative growth trials 
5.2.2.2 Seed grown seedlings  
Seed grown seedlings (referred to as „seedlings‟ within this chapter) sourced from 
Naturally Natives plant nursery (Keepa Road, Whakatane) were grown from seeds 
 104 
eco-sourced from Rotopotaka, described previously and were 10 months old at the 
time of transplanting. Each seedling (presented individually in root trainers) 
averaged 13 culms, a culm length of 29 cm and culm diameter (at the base) of 2.5 
mm (Plate 5.6). Dead culms were removed at time of planting.  
 
Plate 5. 6 Seed grown seedling example inside root trainer used for comparative growth 
trials 
5.2.3 Experimental design 
Two plantlet types were used (vegetative propagules and seed grown seedlings) in 
three water levels (damp, +15 cm, +30 cm) with each plantlet type at each water 
level having five replicates. 
A random block design was employed with the limited supply of seedling material 
available from the nursery. Two wetlands (Bull and Tully) were planted with nine 
stations, and Antipodes five, a total of 23 stations. Plantlet (and control) types at 
stations were randomised over each wetland ensuring that seedlings and 
propagules were exposed to a range of water depths. Each station had three plots 
containing either, a control (no plantlets), seedlings or propagules planted at three 
water levels damp, +15 cm and +30 cm, a total of 69 plots. Therefore there were 
23 control plots, 23 seedling plots and 23 propagules plots in total over all three 
wetlands (Bull n= 27, Tully n= 27 Antipodes n= 15). Each plot was approximately 
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1 m x 1 m. At each plot (excluding the control) five individual plantlets 
(replicates) were planted, totalling 115 seedlings and 115 vegetative propagules. 
Replacement vegetative propagules were used in the first two weeks in each 
wetland as difficulty with the substrate anchoring rhizomes became apparent, 
particularly in +15 and +30 depths at Tully Wetland.  
At the time of transplanting, plots were denuded of all plant species to avoid 
competition. With the exception of plantlet reinstatement at the commencement of 
the trial and occasional weeding no further assistance was given to the plantlets 
after transplanting. Individual plot sites were identified using coded markers.  
5.2.4 Field Measurements  
Plantlets, with growing apical shoot and/or culms, were measured on transfer day 
(November 2007) and represented base data. Culm lengths were measured to the 
nearest cm, diameters at the base to the nearest mm. Data was collected in 
February (after 104 days), June (after 204 days) and October (after 340 days). On 
each data collection date culms measured were selected at random from individual 
plantlets. Large discrepancies between seedling and propagule culm numbers 
meant that only five randomly selected culms were measured for length and 
diameter (many propagules did not have more than five culms to measure). To get 
an accurate account of culm growth, additional parameters were employed i.e., no 
culms smaller than 1 mm diameter were measured, no dead culms were counted 
and the longest culm from both the seedlings and propagules were included in the 
five random samples selected. Plants in February, June and October were 
measured for: (1) survival i.e., replicate count; (2) establishment success i.e., a 
total culm count for each plantlet; (3) increased growth i.e., length and base 
diameter of five randomly selected culms per plantlet; and (4) early reproductive 
capabilities i.e., all stems at time of planting were counted as infertile and all new 
flowering culms on a single plantlet were counted as possible future reproductive 
parents.  
Measurements were undertaken in situ and no culms were removed as continued 
growth was an important long term observation. Maximum wetland water depth 
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was measured on initial transfer day, and then set with an indicator at the wetland 
margin to record water level fluctuations.  
5.2.5 Data analysis and statistics  
The experimental design for the field trials tested both the effects of water depth 
and plantlet type on E. sphacelata plant performance after transplanting. Analyses 
were conducted for each plantlet type to reflect overall plantlet survival at each 
water depth using survival, establishment success, increased growth and early 
reproductive capabilities as measurement indicators. One-way, factorial analysis 
of variance (ANOVA α = 0.05), the Post Hoc Tukey-Kramer (α = 0.05) and 
Fisher LSD (α = 0.05) tests were used to detect differences between wetlands, 
plantlet type and water depth and performed using Statistica 8 (StatSoft 2007).  
5.3 Results  
Temperature and rainfall data during the trial period, November 2007 to October 
2008, was provided by NIWA (www.niwa.cri.nz). Although November had 
average rainfall and temperature, weather from December through to March 
culminated in severe drought for some areas of the country, including the Bay of 
Plenty. April rains brought relief, however July and August recorded one and a 
half times normal rainfall. Access to Bull Wetland was hampered by increases in 
water depth, delaying final measurement of all E. sphacelata growth trials by 
approximately 30 days.  
5.3.1. Study sites 
Differences between Tully, Bull and Antipodes wetlands are detailed.  
5.3.1.1. Tully Wetland 
Initial E. sphacelata plantlet growth was reflected in increased culm health and 
length in this wetland after one month of transplanting under all water depths, 
although by the first remeasure plantlet loss was evident (Figure 5.2). Tully 
Wetland had the lowest plantlet survival and was significantly lower (p<0.05) 
than the other wetlands at the conclusion of the 11 month trial (Table 5.1, Figure 
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5.2). Numbers of culms per plantlet were significantly different (p<0.05) at this 
wetland however culm length, diameter and flowering plantlets were not. 
Vegetative propagule establishment was hampered by the inability of some 
rhizomes to successfully anchor themselves and establish. Numbers of resident 
ducks who used the wetland as a place to feed (supplemented daily by 
landowners), swim and breed increased during the trial period to a maximum of 
11 recorded during site visits. An increase of the invasive plant Paspalum 
distichum from the edge of the wetland into open water resulted in the need for 
hand and mechanical clearance and in some areas a supplementary spray regime. 
Increases in other exotic or troublesome plant species (Juncus effusus, Holcus 
lanatus, Alopecurus geniculatus, and Ranunculus repens) occurred on the wetland 
margins, requiring manual weeding in some plots throughout the trial. Graduated 
margins were not created at the time of wetland restructure and some damp sites 
were destroyed through erosion. Combinations of factors contributed to a 100% 
survival failure in damp plots at this wetland by the June remeasure. Water levels 
were generally fairly static over the trial period (Figure 5.3) with the outlet drain 
providing a means for overflow dissipation.  
5.3.1.2 Bull Wetland 
Plantlet survival at Bull Wetland, for both seedlings and propagules, increased by 
June but reduced by October (Table 5.1, Figure 5.2). Landowners and 
Environment Bay of Plenty, in an endeavour to reduce existing pest plants before 
restoration planting, allowed cattle to graze unheeded within the wetland area 
immediately after the June remeasure. Most plot positions were inaccessible to 
cattle, but some plantlets in the damp plots on the northern margin of the wetland 
were damaged. One propagule was relocated after chewing, anchored in nearby 
sediment, and continued to grow.  
Rainfall dramatically altered water levels in this wetland, varying over 94 cm 
during the trial period (Figure 5.3). At its driest the wetland was 47 cm lower than 
at time of plantlet transferral and after heavy winter rainfall was 49 cm higher. 
Reduced water in the wetland had a detrimental effect on some plantlets located in 
the damp and 15 cm plots allowing the pest species such as the exotic Bidens 
frondosa to mature and shade E. sphacelata plants. Additionally growth of other 
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wetland species (Persicaria decipiens, P. hydropiper, Juncus effusus, Carex 
maorica, C. secta, C. virgata, C. geminata and Eleocharis acuta) increased on the 
margins, resulting in the need for manual weeding in the damp and 15 cm water 
depths.  
5.3.1.3 Antipodes Wetland 
Antipodes Wetland, an extremely manipulated area, produced the greatest rate of 
plantlet survival (Table 5.1, Figure 5.2). E. sphacelata plantlets at this wetland 
received no competition from other flora and disturbance was minimal. Rhizome 
growth from seedlings was noticeable by the June remeasure. Other than a short 
period of time where water levels rose 63 cm higher than at the time of plantlet 
transferral, water levels were relatively stable (Figure 5.3).  
Table 5. 1 Descriptive statistics for Tully, Bull and Antipodes wetlands, 11 months after E. 
sphacelata plantlet transfer. Tully n=45, Bull n=45, Antipodes n=25 per vegetative propagule 
and seed grown seedling. 
 Tully Bull Antipodes 
Survival (%): 
Seedlings: 
Propagules:  
 
13 
9 
 
76 
49 
 
84 
84 
Mean number culms:  
Seedling 
Propagule 
 
6 
9 
 
32 
14 
 
66 
27 
Mean length of culms (cm):  
Seedling 
Propagule 
 
46 
60 
 
98 
82 
 
85 
74 
Mean diameter of culms: (mm).  
Seedling  
Propagule 
 
4 
5 
 
7 
6 
 
6 
7 
Plantlets with flowering culms (%):  
Seedling: Tully n=6, Bull n=34, Antipodes n=21  
Propagule: Tully n=4, Bull n=22, Antipodes n=21 
 
50.00 
100.00 
 
67.65 
50.00 
 
85.71 
100.00 
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Figure 5. 2 Percent survival of plantlets in individual wetlands for E. sphacelata seedlings 
during the 11 month trial period (n= 115 plantlets per plant type). Survival totals by October 
for Tully Wetland are significantly different (p<0.05) to the other wetlands.  
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Figure 5. 3 Water depth of individual wetlands between November 2007 to October 2008 
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5.3.2. Plantlet responses to growth trial 
Results presented in the following sections combine the three wetlands and focus 
on influences of the water gradient and plantlet type (seedling or propagule) on 
the survival of E. sphacelata in establishing, growing and reproducing after 
juvenile transfer under typical restoration conditions. Water depths (damp, +15 
and +30 cm) were defined at time of trial commencement and plantlet transferral, 
however although water regimes were non-controlled and water levels not static, 
they were on average approximately equal to treatment depths. 
A reduction of means or percentages from one month to the next in the following 
graphs reflects overall loss of culms from individual plantlets. As there are no 
methods to measure this loss accurately, total culm growth at time of 
remeasurement was used as an analogue of plant condition. 
5.3.2.1. Survival of plantlets 
Mean survival differences at trial completion of the two E. sphacelata plantlet 
types under different water depths are demonstrated in Figure 5.4. Seedling 
plantlet survival was significantly greater (p=<0.05) in 30 cm water depth (46%), 
15 cm water depth (20%), but significantly lower in damp conditions (18%) 
compared to vegetative propagules.  
Plantlet survival varied in relation to water depth and time (Figure 5.5). Reduced 
replicate counts of vegetative and seedling plantlets were recorded in February, 
with the seedlings in damp situations the only plantlets to suffer large losses 
thereafter. In the 15 and 30 cm water depths the seedlings and vegetative 
propagules were more stable after the February remeasurement with survival 
accretions and losses of <22%. 
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Figure 5. 4 Mean percent of E. sphacelata seedlings and vegetative propagules that survived 
by the completion of the 11 month trial over all water depths (n=115 per plantlet). Seedlings 
are significantly different to propagules (p=<0.05) 
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Figure 5. 5 Seedling and propagule plantlet survival under graduated water depths over trial 
period. 
5.3.2.2. Establishment success 
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Seedlings in the damp plots had reduced numbers of culms per plantlet over time, 
while those in 15 and 30 cm of water increased (Figure 5.6). Propagule culm 
numbers were considerably lower than the seedling culm numbers under 15 and 
30 cm of water, however a gradual increase up to 19 culms per plantlet by 
October under 30 cm of water was recorded (Figure 5.6). Differences in seedling 
culm numbers are significant (p<0.05) in 15 cm water depths at trial completion 
(Figure 5.7). 
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Figure 5. 6 Mean number of propagule and seedling culms per plantlet under graduated 
water depths over trial period. 
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Figure 5. 7 Seedling culm numbers under 15 cm water depths after 11 months are 
significantly different (p<0.05) to all propagule plantlets and seedlings planted in damp and 
30 cm of water. 
5.3.2.3. Increased growth 
Graduated water depth and time both had a positive influence on the length of the 
culms (Figure 5.8). Mean length of seedlings in the damp plots increased by 33 
cm, 60 cm under 15 cm of water and 68 cm under 30 cm of water, and the mean 
length of propagules increased by 30 cm in the damp plots, 48 cm under 15 cm of 
water and 41 cm under 30 cm of water. Mean length of seedling and propagule 
culms under damp conditions are significantly different at p<0.05 than seedlings 
in 30 cm (Figure 5.9). 
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Figure 5. 8 Mean length of culms over time in all water depths for both plantlet types. 
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Figure 5. 9 Mean culm length of seedling plantlets at trial completion. 
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Although the mean culm diameter of both plantlet types did not reach the mean 8 
mm size of the clonal parent (indicator of adult size) transferred from Rotopotaka, 
a number of vegetative and seedling plantlets in the 30 cm deep plots had 
individual culms this size by final remeasurement in October. Figure 5.10 clearly 
demonstrates propagule culms recorded in November were no longer present by 
February, with evidence of much smaller (3 mm diameter mean) new growth 
forming from the rhizome. Seedling plantlets in the damp plots regained the 
original mean diameter measured at time of transplant by October, but are still 
much smaller than culms in other water depths at this time. Consistent increases in 
diameter of both propagule and seedling plantlets are demonstrated from February 
to October with <1 mm diameter difference between the two plantlet types under 
15 cm of water. Seedling diameters under damp conditions were significantly 
different (p<0.05) to propagule diameter under 15 cm water and seedlings under 
15 and 30 cm of water (Figure 5.11).  
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Figure 5. 10 Mean diameter of culms over the 11 month trial period at three different water 
depths 
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Figure 5. 11 Mean diameter of damp seedling culms after 11 months. 
5.3.2.4. Reproductive potential 
Flowering culms were first sighted and recorded in October, 11 months after 
transferral. Although a small sample size, more than one quarter of all plantlets 
remaining at all water depths produced flowering culms (Table 5.2). 
Table 5. 2 Percentage of plantlets displaying reproductive culms under each water depth 
(seedling n=61, propagule n=47). 
Percent (%) of plantlets remaining in October with 
flowering culms 
Damp 15 cm 30 cm 
Seedling: Damp n=7, 15 cm n=26, 30 cm n=28 
Propagule: Damp n=13, 15 cm n=20, 30 cm n=14 
28.57 
46.15 
34.62 
25.00 
39.29 
28.57 
5.4 Discussion and Conclusions 
One year was insufficient to observe any substantial increases in E. sphacelata 
cover within the planted wetlands and results varied over the three study sites, 
nevertheless collated results provide insight into restoration practices that will 
allow greater survival success of planted juveniles. Findings from this research 
have revealed juvenile transfer success of E. sphacelata into wetland restoration 
or creation is likely to be determined, as Hobbs and Harris (2001) advocate, by 
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setting specific goals and outcomes at the beginning of a project. Revegetation 
efforts should consider water depth variations experienced by the wetland together 
with plant requirements. Naturalised wetland species allocate their own space by 
characteristic virtue with the littoral zones, the damp margins of wetlands 
graduating into deeper waters, strong selective measures for E. sphacelata 
establishment success. Specifically, this research found that success of juvenile E. 
sphacelata transplants in wetland creation or restoration depends on, water depth, 
plantlet type, and site preparation. Results confirm: (1) seed grown seedlings have 
a greater survival rate at 15 and 30 cm of water than vegetative propagules; (2) 
vegetative propagules can be utilised in damp locations with reduced success; (3) 
water depth influences the number, length and diameter of culms for both plantlet 
types; (4) flowering is successful within one season of transplanting; and (5) on-
going pest plant and disturbance management can increase survival potential.  
Increases in culm length and diameter are not considered to be accurate measures 
of plantlet establishment success, rather a reflection of adaptation under varying 
water depth gradients. Research findings highlight morphological adjustments 
displayed by E. sphacelata juveniles under increased water depths provide strong 
survival potential. Clevering et al. (1996) additionally concluded that water depth 
is important in the establishment and survival of Scirpus spp juveniles. Greater 
culm count of seed grown seedlings planted in 15 and 30 cm of water and an 
increased rate of survival observed over the trial period suggest this plantlet type, 
at these water depths, has greater potential for success in restoration planting. 
Planting at 15 cm ensured that soil was kept moist even when water levels were 
affected by localised drought conditions. Seedling plantlets under 30 cm of water 
were likewise able to remain wet in times of drought, although the mean number 
of culms per plantlet suffered detrimentally when inundated during long periods 
of flooding as suggested by the October results, however flooding of Bull 
Wetland, where some plantlets were inundated with no emergent culms, was 
found to be advantageous not detrimental as culm length increased over all water 
depths by October (data not presented).  
Although not researching specific threats to the establishment of E. sphacelata 
plantlets, unregulated water depths and unchecked plant interactions at each of the 
wetlands in this trial allowed observations of competition and disturbance on E. 
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sphacelata plantlet survival during its first growing season. Competitive pressure 
was evident with repercussions slow and advancing, however disturbance of 
plantlets was more definitive and impacted immediately.  
Pest plant management is vital for restoration success within any ecological 
environment and preparation of sites to exclude non-selected species before 
restorative planting imperative. Survival responses of E. sphacelata within the 
trial wetlands were consistent with prior and ongoing pest plant management, with 
the three wetlands used in this trial representing three types of intervention. 
Colonisers and localised dryland pest plant species within Tully and Bull 
Wetlands detrimentally affected E. sphacelata plantlet survival rates. The drought 
period provided an opportunity for colonisers (exotic land based wetland plant 
species) to encroach into areas previously inundated by water. Smothering 
competitive and exotic plant species, such as the aggressive annual Bidens 
frondosa in Bull Wetland, removed light and nutrient resources from plots it 
dominated. Likewise the far reaching stems of Paspalum distichum became 
entangled amongst E. sphacelata plantlets, stretching from the Tully Wetland 
margins to those planted deeper. Manual clearance of these two pest species may 
have detrimentally affected established culms and disturbed anchored rhizomes. 
Spray used by the landowners to control Paspalum distichum in the wider 
surroundings of Tully Wetland may also have adversely effected culm and plantlet 
development. With little pest management, Tully Wetland had the lowest survival 
rate, Bull Wetland had moderate management before (large species were 
removed) and during (Rubus fruticosus control) with above average success, 
whereas Antipodes with no floral competition and extensive and ongoing pest 
plant removal, had the highest level of E. sphacelata survival. 
Interruption of E. sphacelata plantlet development in two of the trial wetlands, 
due to resident waterfowl and cattle disturbance, impacted significantly on 
survival rates. Stock exclusion from a fragmented area or a larger site using 
temporary fencing is one easily adopted measure to preserve selected species. 
Planning of physical structure, size, rise and slope during wetland creation are 
important preparation methods for future species colonisation and mitigation of 
disturbance, and attention to wetland landscaping at the time of creation, 
providing exit shelving for ducks, irregular shore line, shelter and irregular islands 
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for nesting and resting, would focus pathways away from specific areas. Shelving 
margins were generally absent from the edges of Tully Wetland, consequently, 
pathway creation through pasture grass by fieldworkers at the time of transplant 
provided clear passage for the smaller waterfowl frames. Transplanted E. 
sphacelata plantlets were dislodged with the movement by waterfowl along these 
thoroughfares, most noticeable, the buoyancy of air filled culms lifting vegetative 
propagules. Lack of shelving edges, together with colonisation of exotic species at 
Tully Wetland, provided little erosion control and damp plots on the wetland 
margin were susceptible to edge attrition. Similarly disturbance from grazing in 
Bull Wetland after the June fieldwork reduced plantlet survival. Cattle have been 
known to avoid less palatable sedge species in favour of E. sphacelata (personal 
observation MM Kapa 2006), observations reiterated by Tanner (1992) and Bell 
(2000) who showed cattle trampling and grazing on E. sphacelata within wetland 
margins had a detrimental effect on the performance and survival of plants. 
Trampling of plant biomass and consumption of tender culms was evident at Bull 
Wetland.  
The comparison between vegetative and seed grown E. sphacelata plantlets in this 
research concludes that although seed grown seedlings produced greater mean 
survival rates, culm number, length and diameter under 15 and 30 cm of water, 
vegetative propagules had better coping strategies, thus increased survival, under 
damp conditions. Yetka & Galatowitsch (1999) propose that stores held in the 
rhizome of Carex stricta have the potential for quick expansion of populations 
after juvenile transfer, additionally Fraser & Kindscher (2001) found rhizome 
growth occurred exponentially after juvenile transfer of Spartina pectinata and 
Eleocharis macrostachya, however both of these studies focussed on vegetative 
transfer only. Differences in juvenile growth strategies between the vegetative 
rhizome and seedling root morphology at initial transfer are additionally 
suggested from reduced survival of vegetative propagules (58%) compared to 
seedling survival of 85% by February. This research also reiterates findings of 
Sorrell et al. (2002) that E. sphacelata is less able to compete with other land-
based species or disturbances and suggests that radial growth of developing 
rhizomes would spread adult plants from the damp plots towards deeper water 
triggering morphological plasticity and phenotypic responses to out-compete other 
species. This research was not able to definitively conclude if increased 
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desiccation of seedlings in the damp plots was due to the immaturity of seedling 
roots, the result of erosion, competition or disturbance, but supplementary 
research on the long term population development displayed by the two plantlet 
types would further determine growth strategies.  
Flowering was successfully recorded in over a quarter of surviving plantlets, 
however October is the beginning of E. sphacelata flowering season and 
indications are that further reproductive culms would emerge in the coming 
months. Yetka & Galatowitsch (1999) also found that Carex sp. demonstrated 
successful establishment and seed set in the same year of transferral. The ability 
of E. sphacelata to set seed after a single growing season has significant 
ecological importance. Eleocharis sphacelata is known as a difficult seed to 
germinate (see chapter 4) in a controlled environment and vegetative propagule 
transfer is currently the most common method for establishing new populations 
during restoration but utilising clones, implicating reduced genetic variation, is 
not ecologically robust. Assuming vegetative propagules have been locally 
sourced and seed produced after the first year of transplant are viable thus 
germinable, then the establishment of healthy swards of E. sphacelata may not be 
dependent on the survival of transferred propagules and their rhizomal spread, 
rather the ability for germination of seed to augment transferred plantlets in 
subsequent seasons.  
5.5 Recommendations 
Research in this chapter has established specific methodologies for the successful 
transfer of juvenile plantlets, adding to employable management strategies 
available for restoration ecologists. Planning, pest plant management, and 
utilisation of the following recommendations will aid in the establishment of E. 
sphacelata in wetland creation and restoration projects. 
 The use of Eleocharis sphacelata seedlings, rather than, propagules will 
increase survival rates. 
 Transfer of juvenile seedlings into 15 cm of water will increased survival 
rates. 
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 Eleocharis sphacelata propagules can provide an alternative juvenile 
source for the wetland margins, although success is limited. 
 Flowering of E. sphacelata after one season provides potential ecological 
advantages.  
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Chapter 6 
CONCLUSIONS AND RECOMMENDATIONS 
6.1 Conclusions 
This research demonstrates the valuable contribution of autecological studies to 
restoration science. Restoration strategies underpinned by scientifically tested 
methodologies will increase the likelihood of successful rehabilitation 
reinstatement of fragmented New Zealand wetland ecosystems. The cultural value 
of E. sphacelata is also acknowledged and integrated into this research, as 
successful restoration depends on appropriate cultural and societal frameworks. 
This research brings us closer to finding the optimum methodology for increasing 
populations of E. sphacelata within wetland communities, but as expected, more 
work is required. The findings of this research are summarised in the subsections 
following. 
6.1.1 Traditional ecological knowledge 
The cultural importance of E. sphacelata within some Northland hapū means that 
the harvesting, preparing and utilising of fibre will continue. However, as the 
ability to access the resource is reduced, the impact on the retention of relevant 
traditional ecological knowledge becomes evident. Reinforcing this during 
interviews, participants mourned the loss of some traditional harvesting sites 
through either land alienation or site drainage, with repercussions observed in the 
reduced utilisation of the material. Most published works containing references to 
items made from this plant (harvesting, preparation and utilisation techniques) 
came from manuscripts and books written by Best (1899; 1906; 1907; 1909), with 
little additional new information until Mead (1969) then Brown & Ellis (2007). 
Published work is the contemporary method for knowledge transfer of Māori 
culture, and an essential reference tool however, the most important method of 
transmitting cultural tradition is through the transfer of information orally, one 
generation to the next. If use of E. sphacelata is reduced, the cultural information 
attached to the material will also be lost, sentiments expressed by some interview 
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participants who suggest the knowledge referred to today, could have been 
augmented by additional practices, traditions and conventions. Specifically, one 
participant considered that whakapapa, tikanga and waiata from his hapū may 
have included more references to kuta (E. sphacelata) than currently known, 
simply because of the high regard that this plant holds within his whānau. He felt 
that as the oratory expression and tikanga had not been passed on as frequently 
now, as in the past, information may be lost.  
The translation of Grey‟s (1853) manuscript was important in reflecting common 
practices and methods of that time, detailing kutakuta (E. sphacelata) use 
alongside other wetland sedge material. The fact that this information was 
included in this manuscript highlights the routine selection of the resource from an 
environment that was accessible, and purposefully, utilised by Māori. 
Nevertheless, the living repository that nurtures remaining tikanga is essential and 
vital in ensuring the continuation of traditional harvesting sites, appropriate 
processes for harvesting and preparation, weaving craftsmanship for specific 
garments, and conservation. These tikanga, all encompassing, interconnected and 
relevant, are able to be nurtured and developed through use in today‟s society. 
Implications for future utilisation provide increased availability, increase potential 
use and aid in the retention of tikanga that may otherwise lapse.  
6.1.2 Germination potential of Eleocharis sphacelata: seeds and seed-
banks 
Eleocharis sphacelata is not known for its ability to germinate profusely either 
under cultivation or within its natural habitat. However, seed germination can be 
enhanced in a controlled environment as demonstrated by this research. 
Germination trials from the seed-bank material however were not as successful, 
suggesting that either triggers for germination were not provided, or the duration 
of the experiment was too short, or that the seed-bank may be unable to supply 
seed within existing fragmented natural wetland settings.  
Seeds harvested and then sown one month later produced significantly higher 
rates of germination compared to stored seed. Additionally, it was found that fresh 
E. sphacelata seed bleached overnight before sowing had significantly increased 
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germination rates. Trial results confirm water depth also plays an important role in 
the ability for E. sphacelata seeds to germinate. Germination of seed was first 
recorded five weeks after fresh bleached seed was placed in damp conditions. 
Although no further significant increases occurred at this water depth, seeds under 
5 cm of water increased their germination rate significantly after September (26 
weeks after sowing). This new information has implications for nursery 
professionals and restoration ecologists i.e., seed maturity dictates timing of 
collection, bleaching of seed increases germination success, and raising water 
depths up to 15 cm enhances germination potential. 
The possibility of dual germination episodes per year implies ecological strategies 
for E. sphacelata and other wetland species that have as yet been unexplored in 
previous research. This research suggests that E. sphacelata seed has two periods 
for potential germination, reflecting seasonal and climatic responses. It is 
speculated that seeds in situ are able to germinate once settled on wetland 
sediments (potentially using the magnification of the sun through reduced water 
levels as means of scarification) towards the end of the summer and again under 
deeper water after seasonal rain and spring temperatures increase. However 
further research is required to confirm this hypothesis.  
Seed barbs and potential buoyancy, enabling floatation for up to 9 days (Bell 
2000), together with the implication that seed germination occurs after a period of 
seasonal changes, suggests that floatation (through water and wind movement on 
the waters surface) or waterfowl epizoochory are the main methods for E. 
sphacelata seed dispersal and new population establishment.  
Lower than expected seed germination rates obtained support previous research 
(Bell 2000) that indicates rhizomal spread is the main method for E. sphacelata 
population expansion. No research has determined the possible impacts of this 
vegetative spread on genetic variability, although large stands of E. sphacelata are 
common and genetic integrity appears to be secure.  
6.1.3 Juvenile growth of Eleocharis sphacelata in situ  
Although limited time for E. sphacelata population growth was available, this 
research definitively concludes that seed grown seedlings have increased success 
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rates for revegetation establishment in water depths of 15 and 30 cm, compared to 
the transfer of rhizomal material. Implications for the success of future restoration 
projects are significant.  
Successful plantlet transferral and continued population growth are the single 
most important measurements of success within a restoration project. This 
research has determined that juvenile E. sphacelata are unable to compete with 
land based plant species, and are likely to be stressed, outcompeted, or 
detrimentally disadvantaged if planted into an area that is not regularly or 
seasonally flooded. Pest plant management and exclusion of potential disturbance 
factors (fencing and creation of pathways for waterfowl) are important means to 
control competitive species and population suppression, with ongoing 
management required. 
Morphological plasticity of E. sphacelata detailed by other researchers (Asaeda et 
al. 2006; Bell 2000; Sorrell 1994a; Sorrell & Boon 1994b; Sorrell et al. 1994c; 
Sorrell et al. 1993a; Sorrell et al. 1997; Sorrell et al. 2000; Sorrell & Orr 1993b; 
Sorrell & Tanner 1999; Sorrell & Tanner 2000; Sorrell et al. 2002) acknowledges 
the advantage this species has over other macrophytes as water depth increases. In 
this study, seed grown (seedling) plantlets had increased survival when planted 
under water levels of 15 and 30 cm., however, vegetative propagules had better 
survival rates when planted into damp rather than submerged situations.  
Previous research determined that rhizome growth of E. sphacelata spreads 
horizontally over large areas, and juvenile plants transferred into damp locations 
are predicted to expand and mature into increased water depths as their 
morphological responses allow. However, if transferring plants into damp 
locations increases mortality and stress, rhizomal growth in E. sphacelata may be 
severely delayed, implicating impaired population establishment. 
It is assumed that seed grown seedlings have the potential for considerable genetic 
variability and, if eco-sourcing and local provenance is provided for, there are 
advantages for using seedlings rather than rhizome fragments. Research suggests 
that the use of rhizome material for transferral should only be considered if 
sources are limited, as reduced genetic diversity among transferred plantlets may 
hinder their ability to cope with environmental unpredictability (Falk et al. 2001). 
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This research has determined that E. sphacelata vegetative propagules (as well as 
seed grown seedlings) are able to flower and set seed before the end of the first 
season of translocation. Subsequent germinations will increase available genetic 
material and thus increase potential to adapt to changing environmental conditions 
therefore, transferral of locally sourced vegetative propagules may not be of 
ecological concern. Natural seedling recruitment will ultimately occur if the 
dispersal of viable seed is able to relocate into an area suitable for species 
colonisation in nearby or distant locations. 
6.2 Recommendations 
To enable future increased creation and restoration of E. sphacelata populations 
recommendations from this research are provided below and have been separated 
into: (1) traditional ecological knowledge and future management; (2) seed 
germination; (3) juvenile transfer and; (4) further research. 
6.2.1 Traditional ecological knowledge and future management   
To increase the ability for traditional ecological knowledge retention strategies 
could include. 
 Advocacy, promotion and increased awareness of the importance of this 
fibre to Māori amongst regional and district councils, government 
departments and the general public, ultimately providing additional 
knowledge for those whom have limited understanding at present. 
 Advocacy of conservation and ecological measures traditionally used by 
Māori will have a positive benefit for other wetland flora management 
strategies. 
 Identification and protection of established areas that have been 
traditionally harvested is necessary to ensure future resources are 
available. 
 Restore or „substitute‟ traditional sites that have been degraded or drained. 
 Determine suitable strategies applicable for hapū and whānau use within 
restoration projects. 
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6.2.2 Seed germination 
To increase successful germination, methods should include: 
 Using freshly harvested seed. 
 Bleaching (Janola) seed overnight before sowing. 
 Lightly covering seed and providing very damp conditions for the first 3 
months, increasing water levels to between 5 and 15 cm over winter (a 
further flush of germination should begin in September). 
 Seeds cast in situ should be left to float into a sheltered warm area that can 
provide an open space for new populations to grow. 
6.2.3 Juvenile transfer  
To increase successful juvenile transfer, methods should include: 
 Using seed grown seedlings.  
 Transfer of juvenile plantlets into at least 15 cm of water. 
 Considering fluctuations in water levels when planting juveniles, planting 
in water depths up to 30 cm will allow for periods of drawdown.  
 Stringent pest plant management, to ensure competition is not detrimental.  
 Excluding cattle from wetland areas containing E. sphacelata to increase 
plantlet survival. 
6.2.4 Further research 
In developing further research both the conservation and utilisation of E. 
sphacelata can actively be pursued. 
 Future collaborations between scientists and Māori, with kuta and other 
wetland sedge species, will demonstrate further potential for knowledge 
transfer in such fields as conservation, ecology and taxonomic 
classification.  
 Little investigation of seed quality and technology was carried out in this 
study and further work is needed to define parameters before seed 
collection (development, maturity, timing and viability), during collection 
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(operations for collection, cleaning and storage), and after processing 
(dormancy, germination and vigour). 
 Of particular importance, with increased utilisation of E. sphacelata in 
restoration projects and commercial development, research is required to 
resolve genetic differentiation of these clonal plants. Determining whether 
local swards contain clones or autonomous plants and how regionally 
distinct additional populations are, will provide guidelines for local 
provenance planting. 
 Although germination techniques for enhancing germination of E. 
sphacelata seed have potentially been determined, no research to date has 
explored regional or national differences demonstrated in seed viability, 
dormancy and germination variability. 
 Further research into the apparent ability of E. sphacelata to have dual 
germination potential under increased water depths over one season will 
provide an understanding into the germination strategies and ecological 
relationships with fluctuating water regimes. 
 Research into the possible use of water and solar radiation as a means of 
natural scarification could provide alternative methods for seed cultivation 
in a controlled environment.  
 Ultimate timing of plant transferral was not researched in this study and 
further studies are required to determine if survival of juveniles increases 
if transferred in autumn.  
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Appendices 
APPENDIX 1  
Interview questions 
General Information  
Name interviewee:   Age: (optional, <40, 40 – 60, 60 - 80, >80 yrs) 
Iwi or hapu affiliations? (local/non-local):   Length of time weaving:   
Where are you living now, and for how long?  
 
Agreement: Release of any information from this interview will be agreed to with 
participant before being used and disclosed in this research and prior to being 
published in any form. Some material may remain confidential, or its form 
changed, to meet requirements under intellectual property agreements in this 
research 
Plant knowledge  
1. Can you tell me which of these plants are Kuta (or Paopao)? 
2. Have you got any other names for kuta/ paopao? 
3. What do you call the other plants? 
4. How can you tell the difference between young and old plants? 
5. How long do these plants live for? 
6. Are there things that eat or attack these plants - above or below water 
level?  
7. Have you ever seen any signs of disease on these plants? 
Knowledge/mātauranga associated with kuta 
8. When did you first learn about this plant (taught as child, taught later in 
life - by whom, self taught)? 
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9. How and when did you acquire knowledge (mātauranga) about Kuta and 
from whom (e.g., mother, father, grandmother, grandfather, aunty, uncle, 
cousin, sibling, weaving groups, whānau members, no relation)? 
10. Do you know of any mātauranga specific to kuta e.g. whakapapa, waiata, 
karakia, whakatauākī etc?  
Uses of the plant 
11. What uses do you as a weaver have for this plant? 
12. Are there any other uses you/your whānau have for all the parts of this 
plant e.g. medicinal, food….?  
13. Are these the same uses as in the past? Or have uses changed with time 
and are now different? 
Collection sites 
14. Where are the best places to collect or harvest this plant? 
15. What criteria do you use to pick at these places? 
16. Are these places special? Culturally significant?  Traditional sites? 
17. Are these places the same as were used in the past or have they changed 
and if so why/ how (e.g. farming practices, change of ownership etc)? 
18. Have changes made you gather plants from new areas? 
19. Was kuta more or less plentiful then, and were there more or less places to 
harvest from? 
20. Are there particular times of year, month, day to collect kuta and why?  
21. Do you gather other resources at the same time (e.g. other plants for 
weaving, kai)? 
Harvesting  
22. How do you harvest kuta and are there special ways to harvest it i.e. 
certain parts of the plant, from what parts of the wetland (e.g. quiet river 
edges), what depth of water, clear of muddy water, etc….  
23. Do you look for particular features in the plant before harvesting it?  
24. Are there any customary/traditional practices that were traditionally used 
at harvesting, and are these still used today? 
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Preparation 
25. How is the plant prepared after harvesting for weaving?  
26. Are there special ways to prepare it for other uses? 
27. Would you still regard these methods as “traditional” ? 
Availability/access 
28. Do you think that kuta (paopao) still as plentiful now, in areas where you 
have traditionally gathered, as it was in the past? 
29. If it has reduced in extent or quality, why do you think this has happened?  
30. Would you like to see kuta reintroduced into existing and/or new areas? 
31. Should paopao/kuta be reintroduced into new areas? 
32. Do you know if this plant has been cultivated, replanted, transported and 
used in restoration in the past? 
33. If it was to be reintroduced/replanted, where should the plant be sourced 
from? 
34. Should seeds or tubers be used for replanting/restoring the kuta? 
Health of a wetland  
35. Describe the values you associate with wetlands?  
36. Do the plants found in wetlands e.g. kuta, raupo, each have values specific 
to them? (What are these?)  
37. How do you determine the health (mauri) of a wetland i.e. is it dependent 
on the quality of the water, the number and diversity of the plants and 
animals present? 
38. How important is kuta as an indicator of wetland health/mauri?  
Open discussion 
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Glossary  
NB: brief meanings have been provided, for further description the reader should 
seek alternative sources.  
aka Metrosideros albiflora, Metrosideros perforata 
atua gods, supernatural being 
hapū sub tribe, clan 
harakeke Phormium tenax 
hukahuka  tags, fringe 
i te kore, ki te pō, ki te 
ao mārama 
out of the nothingness, into the night, into the world of 
light 
iwi tribe 
kaitiaki guardian, protector 
kākā Nestor meridionalis 
karakia incantation, prayer 
kaumātua  adult, respected elder, male tribal leader 
kaupapa  main surface (weaving), policy rules of operation  
kaupapa Māori  research incorporating Māori perspectives and values 
kete  basket made from natural fibres 
kiekie  Freycinetia baueriana 
kōrari Phormium tenax, harakeke 
kōrero talk, conversation 
kuia older woman 
kumara  Ipomoea batata, sweet potato 
kuta Eleocharis sphacelata 
kutakuta Eleocharis sphacelata 
kuwawa Eleocharis sphacelata 
mana  authority, control, power, prestige 
Māori indigenous people of New Zealand 
marae traditional meeting place for hapū or iwi, community 
facilities  
maro kilt or apron worn by male and females 
matariki the first appearance of Pleiades, June 
matata fernbird, Bowdleria punctata 
mātauranga  Māori knowledge 
matekite  diviner 
mauri  life force, essence 
muka flax fibre 
ngahere  indigenous bush 
Ngai Takato Northland iwi 
Ngāpuhi  Northland iwi 
Ngati Kahungunu   iwi on the Southeastern coast of the North Island, New 
Zealand  
Ngati Maniapoto hapū in Waikato-Waitomo, North Island New Zealand  
Ngati Pikiao hapū of Te Arawa Bay of Plenty, North Island New 
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Zealand  
Ngati Porou  iwi on the East Coast of the North Island New Zealand 
Ngati Rehia hapū of Ngapuhi 
Ngati Whatuiāpiti  hapū of Ngati Kahungunu  
Ngati Whawhakea hapū of Raukawa, lower western area of the North 
Island New Zealand 
ngawha burst open, overflow, Eleocharis sphacelata 
oi Grey faced petrel, Petrodroma macroptera 
pakahi wetland, heathland 
pākē cape 
pākehā  a person of predominantly European descent, foreigner 
pākehā science  describing science that is more commonly referred to 
as western science 
paopao kuta, Eleocharis sphacelata 
Papa-tu-a-nuku  earth mother 
piere New Zealand robin, Petroica australis 
pīngao  Desmoschoenus spiralis 
pōhue Calystegia sepium, convolvulus 
pōtae hat, or head covering 
pōtae taua mourning wreath 
pūrākau  storytelling, myth, legend 
puru forearm or arm pad used as protection 
rangatira male or female chief  
Rangi-nui  sky father 
raranga  weave, plait mats etc 
raupo Typha orientalis 
raurekau Coprosma grandifolia 
raupatu confiscations 
rohe tribal area 
Rongo-ma-tane  God of cultivated foods 
Tai Tokerau  iwi of the far north, North Island New Zealand 
Tainui iwi of the central and eastern areas of North Island, 
New Zealand 
Tane the progenitor of forest, birds, insects, rocks and stones 
in many whakapapa narratives 
tāonga  anything highly prized 
tāpau mats made from kuta 
tautoko  support 
Te Arawa  iwi of the Bay of Plenty, North Island New Zealand  
Te Aupouri iwi of the far north, North Island New Zealand 
Te Hapūku a respected Ngati Kahungunu chief 
Te Kore  nothingness 
Te Rarawa iwi of the far north, North Island New Zealand 
Te Roopu Raranga 
Whatu o Aotearoa  
Māori Weavers of New Zealand 
Te Whānau-ā-Apanui iwi on the East Coast of the North Island New Zealand 
tikanga custom, obligations and processes 
toetoe Cortaderia spp 
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tohunga skilled person 
Tūhoe iwi of the Bay of Plenty, North Island New Zealand  
tuwhara  mats made from kutakuta 
waiata song, sing 
wairua spiritual feeling 
wawa  Eleocharis sphacelata 
whakapapa  genealogy, genealogical information 
whakapuru tao forearm or arm pad used as protection 
whakataukī  proverb 
whānau family 
wharariki  Phormium cookianum 
whare house, home 
whāriki mat 
whenua land 
 
 
 
 
 
